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ABSTRACT 

This r e p o r t  rev iews  a s u r v e y  of 17 indus t r i e s  on c u r r e n t  techniques 
fo r  packaging e lec t ronic  equipment.  
configuration, package configuration, package housing , interconnect ion 
techniques,  and potting compounds. The specif ic  r e p o r t s  of each  b r i e f  
interview are  contained i n  Appendix A of t he  r epor t .  
a previous bibliography f o r  e lec t ronic  packaging published in  RSIC- 534, 
entitled "Elec t ronic  Packaging: A Bibliography," dated M a r c h  1966. 
A list ing of companies  vis i ted is included in the Foreword .  

Subjects covered include module 

Appendix B updates 

Information provided is a rev iew of e lec t ronic  packaging t.echniques 
ranging f r o m  the mounting of p a r t s  ( d i s c r e t e  o r  in tegra ted  c i r cu i t )  to  a 
complete "black box. Module configurat ions d i scussed  include p lanar  
pr in ted-c i rcu i t  boa rds ,  "stick" modules ,  cordwood, mylar t apes  fo r  
pa r t  mounting, and var ia t ions  of these .  Package  configurat ions have 
been aimed a t  reducing the number  of l a y e r s  in  mul t i layer  pr inted-  
c i r cu i t  boards .  Techniques include book type modules  in te r leaving  
pr in ted-c i rcu i t  b o a r d s ,  s lot ted guides in housings,  and p r e c o m p r e s s e d  
s t acks  of pr inted-  c i r cu i t  board a s s e m b l i e s .  
be c a s t ,  d ip  b razed ,  automatical ly  milled f r o m  solid s tock ,  o r  l ight 
shee t  metal  c o v e r s .  
us  e including mult i layer  c i r c u i t r y  o ther  than conventional pr inted-  
c i rcu i t  boa rds .  
by filling, redundancy,  e t c .  No  g r e a t  va r i a t ions  i n  potting methodb 
w e r e  noted except  fo r  r ad io  f requency  modules .  However ,  p rob lems  of 
nonuniform dens i ty  w e r e  indicated.  

The package housings may  

Many types of interconnect ion techniques a r e  in 

Eyele t s  and plated- through holes  a r e  usual ly  re inforced  

It  is  appa ren t  that no one approach  is  a panacea for  a l l  packaging 
E a c h  piece of equipment  m u s t  be analyzed (along with requi rements .  

the manufac tu re r ' s  capabi l i t i es )  and the  m o s t  appropr i a t e  technique 
selected.  



FOREWORD 

This  r e p o r t  p re sen t s  the findings of v i s i t s  t o  s e v e r a l  e lec t ronics  
manufactur ing companies  engaged in  aerospace  equipment  manufac ture ,  
fo r  the purpose of d i scuss ing  c u r r e n t  and future  planned packaging tech- 
niques fo r  e lec t ronic  equipment. 
of prac t ica l ,  successfu l  packaging techniques and approaches  as they 
a r e  p re sen t ly  utilized. 
graphy (RSIC- 534) on e lec t ronic  packaging. 

The objective is  to  provide a review 

This  information should complement  the biblio- 

In addition, a v e r y  l imi ted  s u r v e y  w a s  pe r fo rmed  to  update the 
previous bibliography (RSIC- 5 34). 

The companies  and organizat ions which par t ic ipated i n  this su rvey  
a r e  as follows. 

Brown Engineer ing Company, Huntsvil le,  Alabama 
Cubic Corporat ion,  San Diego, California 
Douglas Ai rc ra f t  Company, Santa Monica,  Cal i fornia  
G e n e r a l  Dynamics /  Convair Division, San Diego, Cal i fornia  
Honeywell, Incorporated,  Aeronaut ical  Division, St. P e t e r s b u r g ,  

Hughes Ai rc ra f t  Company, Culver City, Cal i fornia  
J e t  P ropu l s ion  Labora to ry ,  Pasadena ,  Cal i fornia  
Ling- Temco-  Vought E l e c t r o s y s t e m s ,  Incorpora ted ,  Gar land ,  Texas  
Major  West  Coast  Manufac turer  
Mot o r  ola Ae r os pace C o r  por  a t ion,  Phoenix,  Ar iz  ona 
National Aeronaut ics  and Space Adminis t ra t ion,  Goddard Space 

Nor th  Amer ican  Aviation, Space and Information Division, 

Ph i l co  Western  Development Labora tory ,  P a l o  Alto, Cal i fornia  
Radiat ion,Incorporated,  Melbourne,  F l o r i d a  
Sandia Corporat ion,  Albuquerque, New Mexico 
Space Craf t , Incorpora ted ,  Huntsville, Alabama 
T e x a s  Ins t rumen t s /Appara tus  Division, Dal las ,  Texas  

F l o r i d a  

F l igh t  Cen te r ,  Greenbel t ,  Maryland 

Downe y , C alif o r  n ia  

T h e  au thors  wish to e x p r e s s  their  appreciat ion to these  companies  
f o r  t h e i r  cooperat ion i n  making personnel  avai lable  for  in te rv iews  and 
f o r  supplying photographs for  this  repor t .  
poss ib l e  only when such  valuable a s s i s t ance  and information a r e  made  
ava i lab le .  

Repor t s  of th i s  na ture  a r e  
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1. Introduction 

At the r eques t  of the Astr ionics  Labora to ry  of Marsha l l  Space 
F l ight  Center ,  Bat te l le  Memor ia l  Institute has conducted a su rvey  of a 
l imited number  of a e r o s p a c e  equipment manufac tu re r s  and agencies  to 
d i scuss  the i r  c u r r e n t  techniques and theories  in r e g a r d  to e lec t ronic  
packaging. 
(but  not theore t ica l  p resenta t ion  or  analysis)  p resenta t ion  of packaging 
methods which are  success fu l  in  aerospace  applications a t  the p re sen t  
t ime.  The informat ion  is complementary  to the bibliography on 
e lec t ronic  packaging p repa red  under  a previous con t r ac t  i n  that i t  is 
recognized that  the published l i t e r a tu re  on e lec t ronic  packaging i s  f r e -  
quently out of da te  o r  based on unproven theore t ica l  concepts  under  
cons ider  ation. 

I t  is  intended that  th i s  r epor t  should provide a technical 

The informat ion  was  gathered by vis i t ing s o m e  17::: companies  
act ively engaged in  the manufac ture  of e lec t ronic  a e r o s p a c e  equipment.  
To  achieve  the wides t  sampl ing  possible within the t ime and funds of 
the p r e s e n t  effor t ,  i t  was  n e c e s s a r y  to make  a r b i t r a r y  select ions of 
the companies  to be vis i ted and, i n  fact ,  even the depa r tmen t  o r  p ro jec t  
office within the company. Discussion per iods  within each  faci l i ty  w e r e  
genera l ly  l imi ted  to  two o r  t h r e e  hours .  Thus the information presented  
h e r e i n  c a n  i n  no way be cons t rued  as r ep resen t ing  the total  philosophy 
o r  capabi l i ty  of any given organization. 
sampl ing  f o r  each  organizat ion and i n  s o m e  c a s e s  only one pa r t i cu la r  
product  l ine.  However,  i t  was  fel t  that a broad sampl ing  f r o m  many 
s o u r c e s  would provide a reasonable  comprehensive p ic ture  of the many 
techniques and approaches  being used today. 

Ra the r ,  i t  indicates  one small 

The body of this  r e p o r t  cons i s t s  of an  ove ra l l  s u m m a r y  of the s u r -  
vey r e su l t s .  Appendix A is  a collection of r e p o r t s  on each  v is i t  which 
contain the de ta i l s  of the var ious  techniques and approaches  d i scussed  
i n  P a r a g r a p h  2. 

In addition, a bibliography of approximately 86 a r t i c l e s  per ta ining 
to  e l ec t ron ic  packaging published p r imar i ly  dur ing  the f i r s t  six months 
of 1966 has been p repa red  and included in  Appendix B. 
bibl iography of pape r s  per ta ining to  visits .  

Appendix C is a 

.*, e,- 

Two additional companies  were  vis i ted but they did not par t ic ipa te  
i n  the su rvey .  

1 



2. Review of Findings 

The following d iscuss ion  cons is t s  of i m p r e s s i o n s  gained f r o m  
the industry su rvey  of many  different  types of packaging methods.  
i t  would be highly des i r ab le  to be able  to point to  specif ic  techniques as 
a panacea f o r  packaging p rob lems  in  e lec t ronic  a e r o s p a c e  equipment,  
such  i s  not the case .  One of the s ta tements  which r e c u r r e d  m o s t  often 
among the var ious  companies  vis i ted was  that each  pa r t i cu la r  packaging 
job  had to  be cons idered  i n  the total  concept of the cons t ra in ts  and 
objectives of the given pro jec t  and piece of equipment in  o r d e r  to  se l ec t  
the most  sui table  packaging technique. Most  of the companies  had 
s e v e r a l  techniques within the i r  competency,so it was  a m a t t e r  of weigh- 
ing the obvious packaging cons idera t ions  such  as rel iabi l i ty ,  production 
quantity, repa i rab i l i ty ,  c o s t s ,  space  and weight r equ i r emen t s ,  hea t  
diss ipat ion,  r ad io  frequency p rob lems ,  mechanica l  envi roments ,  e tc .  
It was  a l so  noted that the s a m e  gene ra l  approaches  w e r e  used by many 
different companies ,  and that  many t i m e s  techniques which w e r e  con- 
s ide red  unique by the pa r t i cu la r  organizat ion w e r e  in fac t  not unique a t  
all. However, t h e r e  w e r e  many significant dis t inct ions involved in the 
exac t  procedure and technique of c a r r y i n g  out a given approach.  
appeared to  have resu l ted  becauseaof two f ac to r s :  

While 

These  

Specific equipment and the re la ted  con t r ac t s  s o m e t i m e s  
impos  ed pe r  fo r  mance  , environmental ,  re l iabi l i ty ,  and 
volumetr ic  r equ i r emen t s  such  that the organizat ion was  
cal led upon to  develop a specif ic  technique and abi l i ty  
to  m e e t  the problem. 
In many c a s e s  a n  ove ra l l  philosophy was  adopted as the 
p r i m a r y  packaging object ive,  and the companies  sought 
to  develop the i r  competency both i n  knowledge and sk i l l s  
to c a r r y  out that  type of technique. 

In these  c a s e s ,  success fu l  packaging techniques have been developed, 
and the company is  competent  in them,  w h e r e a s  a t t empt s  a t  a d i f fe ren t  
although perhaps  sa t i s f ac to ry  p rocedure  would be unsuccessfu l  because  
of lack of exper ience .  

Reliabil i ty h a s  been a s t rong  over r id ing  f ac to r  i n  the se lec t ion  of 
many of the p rocedures  used. 
often required and many developments  have been spec i f ica l ly  a imed  
toward the objective of providing the n e c e s s a r y  inspec t ion  and ul t imate  
re l iabi l i ty  r equ i r ed  fo r  a e r o s p a c e  appl icat ions.  

C o m p r o m i s e s  of o the r  r e q u i r e m e n t s  a re  

2 



a. Module Configuration 

Bas ic  approaches  range  f r o m  the conventional planar  board 
layouts f o r  d i s c r e t e  and in tegra ted  c i rcu i t  p a r t s  to developmental  work  
on extensive networks on one monolithic chip. 
approach  has proved to  be ve ry  sa t i s fac tory  when p rope r ly  potted and 
used  i n  a sui table  housing f o r  the environments  r equ i r ed .  
disadvantage is  the low densi ty  na tu re  of this  approach.  
for  in tegra ted  c i r cu i t s ,  the densi ty  is s t i l l  re la t ive ly  low with r e s p e c t  
to modular  techniques.  The  cordwood type modules  in  var ious  modifi- 
ca t ions  a r e  cons idered  a n  old s tandby in many  companies  and s e r v e  
qui te  wel l  fo r  rugged s t r u c t u r e s ,  medium s i ze  throw away modules ,  
in te rmixing  of conventional and integrated c i r cu i t  p a r t s ,  access ib i l i ty  
fo r  t e s t s  before  potting, and m e d i u m  density.  Generally,  they a r e  con- 
s ide red  unrepa i rab le  and l imi ted  in.heat t ransferab i l i ty .  Var ious  
methods of interconnect ing the p a r t s  in  the cordwood module a r e  used 
and s e e m  to be m o r e  a function of the developed abi l i ty  of a par t icu lar  
company than a d i r e c t  observa t ion  that any one method is far supe r io r  
t o  another .  
on interconnect ions . 

The p lanar  board 

The obvious 
Even when used 

Some of these  points will  be fu r the r  d i scussed  in  the sect ion 

Some of the var ia t ions  of th i s  technique include a r a t h e r  high den- 
s i ty  packaging of flat-pack in tegra ted  c i r cu i t s  i n  a bas ica l ly  cordwood 
type fashion,  the use  of a mult ipin round connector  as one base  for  the 
module (developed f o r  a specif ic  application where  additional in te r face  
networks w e r e  r equ i r ed  in  a s y s t e m s  r equ i r emen t ) ,  and the mounting 
of s e v e r a l  cordwood modules  to  a daughter  board which is then potted 
as one comple te  module before  a t tachment  to  a mothe r  board.  

A var ia t ion  of the modular  p lanar  board concept being used by many 
companies  cons i s t s  of a s e r i e s  of sma l l  planar  boa rds  s tacked with r i s e r  
w i r e s  spaced  around the edge of the s tack of boa rds  to provide ex terna l  
connections to the next  leve l  of assembly .  These  w i r e s  can  be brought 
out d i r e c t l y  fo r  a t tachment  purposes  o r  brought into a connector .  Th i s  
small a s s e m b l y  i s  then potted and t rea ted  as a throw away module. 
Th i s  approach  lends i tself  to m o r e  mechanized production and p resum-  
ab ly  fewer  mis t akes  than a conventional cordwood module,  at s o m e  l o s s  
of densi ty .  
f l a t  packs  alone,  r a t h e r  than on a board,  resu l t ing  i n  a v e r y  high 
dens i ty  module.  

A similar approach  has used s tacked in tegra ted-  c i r cu i t  

T h e r e  is s o m e  use  of axial ly  mounted conventional p a r t s  on planar  
boa rds  which improves  the densi ty  for a given board but does  not appear  
to  have any  pa r t i cu la r  advantage over  o ther  types of packages.  

3 



An in t e re s t ing  development by many companies  is  the use  of thin 
l a y e r s  of myla r  with etched c i r c u i t r y  which can  be built up into s e v e r a l  
l a y e r s  to function as a mul t i layer  pr in ted-c i rcu i t  board but lacking many 
of the l a t t e r ' s  d i sadvantages ,  Genera l ly ,  this approach  is used f o r  small 
modules capable  of holding 20 in tegra ted  c i r cu i t s  in  f la t  packs.  
a r e  seve ra l  var ia t ions  of the exac t  p rocedure  and final a s s e m b l y  confipu- 
ra t ion  including an  optional hea t  sink. 
cal ly  ve r sa t i l e  and re la t ive ly  s imple  in des ign  and a s s e m b l y  thus lending 
i tself  to small production r u n s  o r  s i tuat ions where  a va r i e ty  of d i f fe ren t  
configurations is r equ i r ed  r a t h e r  than a number  of ident ical  digi ta l  type 
units.  
commit ted until  f inal  a t tachment  of the p a r t s  and potting of the module,  
i t  i s  re la t ively s imple  and inexpensive to  make  changes o r  c o r r e c t  mis- 
takes .  F u r t h e r ,  equipment  has  been developed to p r e t e s t  the a s s e m b l y  
before  any connections a r e  made .  
of a l l  joints.  When p rope r ly  designed,  the resu l t ing  module r e q u i r e s  
only the connection of one in t eg ra t ed -c i r cu i t  lead to  one of the i n t e r -  
connecting c i r cu i t  l eads .  
for  c o r r e c t n e s s  of des ign  and a s s e m b l y  but p e r m i t s  m o r e  a c c u r a t e ,  
re l iab le ,  s tandardized production techniques f o r  making the connect ions.  
The resul t ing modular  package achieves  re la t ive ly  high densi ty .  

T h e r e  

However ,  the approach  is bas i -  

Since the l a y e r s  of c i r c u i t r y  a re  built up and not permanent ly  

T h e r e  is a l s o  provis ion fo r  inspect ion 

This  not only p e r m i t s  a s imple  v isua l  check 

Another development under  NASA sponsorsh ip  is the s o  cal led s t i ck  
module. 
c i r cu i t s  and should provide e a s i e r  handling dur ing  production. The  
s t ick  module is a molded mounting f r a m e  which holds 15 in tegra ted  
c i r cu i t s  ( o r  a combination with d i s c r e t e  pa r t s ) .  The p a r t s  a r e  mounted 
i n  a planar fashion,  and the connection points a r e  brought out t o  t e r m i -  
nals on the back of the s t ick.  
coated magnet  w i re  f r o m  point to point. The planning fo r  this  type of 
module has  gone a s t e p  fu r the r  than that  fo r  the myla r  s t r i p  c i r c u i t s  i n  
mos t  instances in  that the ma jo r  c i r cu i t  in te rconnec t ions  a r e  made  on 
the st ick module thus permi t t ing  the "mother  board" a s s e m b l y  into 
which the modules  a r e  connected to cons i s t  p r i m a r i l y  of a s t r a igh t  l ine 
"bus wire" type of layout. 

This  approach  i s  somewhat  similar in  objective to  the tape 

At th i s  point, wir ing is  done by hand using 

Fu tu re  t r ends  i n  module packaging a r e  a imed  a t  hybrid ch ip  type 
c i rcu i t s  and l a r g e  monolithic in tegra ted  c i r cu i t s .  Seve ra l  companies  
a r e  consider ing var ious  methods fo r  mounting and connecting a l a r g e  
number of chips  on one bas ic  c a r r i e r  t o  m a k e  a high-density f la t  module.  
Both thin and thick films a re  under  cons idera t ion .  At l e a s t  one company 
h a s  successfu l  prototypes of each  type. 

The re  is s o m e  d ive r s i ty  of opinion r ega rd ing  the fu ture  of l a r g e  
monolithic in tegra ted  c i r c u i t s  but a t  l e a s t  t h r e e  of the companies  vis i ted 
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a r e  working on this  approach  and expect t o  have marke tab le  products  
in the n e a r  future.  Although ex t r eme ly  high densi ty  modules  will  r e su l t ,  
cons iderable  innovation is r equ i r ed  to make  the approach  p rac t i ca l  f r o m  
a cos t  and versa t i l i ty  standpoint. 
deg ree  of automation which can  be achieved and the flexibil i ty of the 
c i r c u i t s  fo r  var ious  applications.  
requi red  to identify the bad c i r cu i t s  on a given chip as is a good method 
fo r  developing the requi red  c i r cu i t  with the remain ing  good e lements .  
At p re sen t  the ma jo r  emphas i s  s e e m s  to be on digital  a r r a y s  f o r  m e m o r y  
type applications.  

One of the big f ac to r s  will be the 

Good inspect ion techniques a r e  

Most  of the a s s e m b l i e s  fo r  high frequency application m o r e  c lose ly  
r e s e m b l e  point- to-point wir ing configurations than anything e l se .  
one exception is  s o m e  application of a cordwood type construct ion.  
Generally,  the r equ i r emen t  of a l a r g e  number of d i s c r e t e  components ,  
s t r u c t u r a l  r igidity,  and shielding precludes s o m e  of the other  packaging 
techniques.  Modular  types of approaches  a r e  used ,  however ,  genera l ly  
using me ta l  frames as the s t r u c t u r a l  m e m b e r  of the module.  
points of i n t e r e s t  s e e m  to be the techniques for  developing ground planes 
and providing sui table  shielding fo r  the package. Of pa r t i cu la r  i n t e r e s t ,  
however ,  is the technique used  by one company of filling the r ad io  f r e -  
quency module with a "dry" potting compound s o  that  i t  c an  be tuned 
under  f ina l  packaging conditions before the module is  actual ly  commit ted 
to the f inal  potting. 

The  

P r i m a r y  

-b . P ac  kag e C onf ig u r  at ion s 

Severa l  v e r y  in t e re s t ing  package configurat ions,  many of 
which look l ike ex t r eme ly  good techniques,  have evolved. They have 
been designed i n  p a r t  to  reduce  the number  of l a y e r s  r equ i r ed  i n  the 
pr inted-  c i r cu i t  boa rds  used f o r  interconnections,whether they be daughter  
o r  m o t h e r  board i n  function. 
approach  is that of a book type configuration where  two o r  m o r e  boards  
have all the ex te rna l  t e rmina l s  along one edge and a r e  joined a t  the 
back as i n  the binding of a book. Based on this  gene ra l  concept,  many 
specif ic  appl icat ions a r e  in use.  The m o s t  s t ra ight forward  approach  
is to  s imply  join two conventional planar boa rds  and fold t h e m  over' 
ad jacent  to e a c h  o ther  using i so la t ion  pads o r  potting as des i r ed .  A 
re f inemen t  of this  approach  is  to  use  printed cabling fo r  the intercon-  
nection. 
boa rd  with the pr inted cabling placed a c r o s s  the requi red  in te rconnec ts  
and the e n t i r e  c i r cu i t  wave so ldered  at one t ime.  The boa rds  a r e  then 
cu t  and folded a t  the printed cable f lexure  point. 
f o r  modera t e ly  small s i z e  packages requir ing only two a s s e m b l y  boa rds  

P e r h a p s  the m o s t  common gene ra l  

In th i s  technique the two board sec t ions  a r e  made  as  one 

Another p rocedure  
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of p a r t s  is  to br ing  the two p lanar  boards  together  aga ins t  a c e n t r a l  
a luminum frame. 
This  f r a m e  then s e r v e s  as a module fo r  plug-in o r  so lde r  instal la t ion 
in  a l a r g e r  a s sembly .  

Again, this  may  o r  m a y  not be potted as  des i r ed .  

F o r  m o r e  sophis t icated r equ i r emen t s ,  modules such  as those 
descr ibed  above a r e  mounted on a pr in ted-c i rcu i t  board  in a pa t te rn  
fashion s o  that they will  m e s h  with the modules  of the opposing pr inted-  
c i r cu i t  board when they a r e  placed back to back. 
place the modules  i n  a somewhat  checkerboard  fashion thus providing 
visual  a c c e s s  of joints f r o m  the top of the board as  well  as the bot tom 
and providing additional space  on the pr inted-  c i r cu i t  board for  wiring. 
In th i s  s cheme ,  the board s u r f a c e s  and the tops of the 'modules  a r e  
coated with contact  cement  s o  that  when the boa rds  a r e  brought together  
for  the final a s sembly ,  a r igid honeycomb type of s t r u c t u r e  is produced. 
This  s a m e  technique is  equally appl icable  for  p lanar  boa rds  containing 
TO-5 cans  as the p r i m a r y  element .  

The a t tempt  is to 

A different  type of packaging approach  is a n  a s s e m b l y  of in te r leav-  
ing printed- c i r cu i t  boards .  
f la t  packs a r e  planar  mounted on*13/4- by 2- inch c i r cu i t  boards .  T h e s e  
boards a r e  fas tened to  mothe r  boa rds  in a s tacked a r r a n g e m e n t  and then 
a s sembled  back to back by inter leaving the small c i r u i t  boa rds  similar 
to  a var iable  air capac i tor .  
and d o e s  provide s o m e  d e g r e e  of a c c e s s  to  the individual pr in ted-c i rcu i t  
boards  f o r  checkout and rep lacement .  
of as  many as 120 of the small pr in ted-c i rcu i t  boa rds  which plug into 
the mother  boards .  
boards  w a s  achieved by fitting t h e m  in  grooves  between the connec tors  
of the opposing mothe r  board.  

In a pa r t i cu la r  example of this technique,  

I t  p e r m i t s  l e s s  complicated mothe r  boa rds  

A single a s s e m b l y  m a y  cons i s t  

Securi ty  of the f r e e  end of the pr in ted-c i rcu i t  

The m o s t  s tandard  a s s e m b l y  technique fo r  ruggedized packages is  
that of using high densi ty  planar  pr in ted-c i rcu i t  c a r d s  dropped into s lo t  
guides in a s tu rdy  container .  
board a r e  brought out to the edge fo r  connection to the mothe r  board .  
Various a r r a n g e m e n t s  of this approach  included sp r ing  loaded s l o t s ,  
compress ion  pads between the boa rds ,  and provis ion for  c o m p r e s s i o n  
loading e i the r  in the axial  d i rec t ion  o r  i n  the d i r ec t ion  of the mothe r  
board.  
p lanar ,  modular ,  o r  combinat ions)  with the d e s i r e d  s p a c e r s  and apply 
p r e s s u r e  s o  as  to  c o m p r e s s  t h e m  f i r m l y  to  the container .  
the connections a r e  made of ha rd  wir ing i n  such  fashion as to  p e r m i t  
fanning the boa rds  open for  a c c e s s .  
package cons i s t s  of dense  a r r a y s  of cordwood modules .  

All conductors  on the pr in ted-c i rcu i t  

A var ia t ion  of th i s  is to s t ack  the p r in t ed -c i r cu i t  boa rds  ( e i the r  

In this  c a s e  

The  next m o s t  c o m m o n  ruggedized 



The previous d i scuss ion  indicated a r a t h e r  gene ra l  d e s i r e  to mini-  
mize  the number  of pr in ted-c i rcu i t  board l a y e r s .  
approaches  a r e  gene ra l ly  a imed at using a one to  four  l aye r  double- 
sided board.  However ,  many of the other techniques use  s i x  to  e leven 
l a y e r  boards  as norma l .  In digital  computer  appl icat ions where  l a r g e  
n u m b e r s  of repet i t ive functions a r e  involved, the u s e  of a g r e a t e r  num- 
b e r  of l a y e r s  is  not only feas ib le ,  i t  is  v i r tua l ly  r equ i r ed  fo r  efficient 
volumetr ic  packaging. In these  applications,  the overa l l  packaging 
approach  is de t e rmined  i n  p a r t  by the dec is ion  of c i r c u i t r y  organization. 
The  computer  c i r cu i t  might  be organized on a b i t  approach  (horizontal)  
o r  i t  might be organized on a functional (ve r t i ca l )  approach.  The f i r s t  
instance has  proved qui te  advantageous i n  the des ign  of a housing with 
a n  in t eg ra l  air  cooling s y s t e m  while the l a t t e r  has been used i n  many  
applications including a l a r g e  s y s t e m  using 30- layer  printed- c i r cu i t  
boards  f o r  the daughter  boa rds  and 21- layer  pr in ted-c i rcu i t  boa rds  for  
the mothe r  boards .  

The  book a s s e m b l y  

c. Package  Housing 

P e r h a p s  the m o s t  s t r iking development  i n  the a r e a  of package 
housings is  the value of the magnet ic-  tape- control led mill ing machine.  
Severa l  companies  have found this to  be an  economic method of making 
a c c u r a t e  a luminum housings for  packaging e lec t ronic  equipment in p re -  
f e rence  to  the s tandard  techniques of sand- c a s t  a luminum o r  magnes ium,  
inves tmen t -cas t  a luminum,  and die  casting. In m o s t  c a s e s  i t  s e e m s  to  
be s u p e r i o r  to p rec i s ion  cast ing in cost ,  p rec i s ion  of r e s u l t s ,  and 
s i m p l e r  inspection. Th i s  technique has proved to  be  a l m o s t  e s sen t i a l  in  
on: ins tance  where  ca re fu l  des ign  to  provide air cooling through c h a s s i s  
packaging pathways w a s  requi red .  
in  s o m e  ins t ances  but r e q u i r e  m o r e  inspection than the f r a m e s  milled 
f r o m  solid block. 
a s s e m b l y  of bas i c  p a r t s  by d ip  brazing to  produce the approximate 
equivalent of a cast ing.  This  has  found extensive use  both i n  l a r g e  
housings which a re  r equ i r ed  to  m e e t  modera t e  vibrat ion r equ i r emen t s  
and in  small packages fo r  r ad io  frequency modules .  

I 

Aluminum cas t ings  a r e  used ,  of c o u r s e ,  

Another technique in common  u s e  is to build up a n  

Solid housings such  as these  a r e  designed f o r  rugged envi ronments  
and may  include provis ion for  the compress ion  mounting of the pr inted-  
, c i r cu i t  boa rds  and modules  within the package. 
technique such  as p r e a s s e m b l y  compress ion ,  bolting, o r  spr ing  loading 
i n  s lo t s  is  provided f o r  vibration and shock protection. 

In any event,  some  

As  indicated in  the d iscuss ion  of modules ,  another  approach  i s  to 
pot the e n t i r e  package. General ly ,  this r e s u l t s  in a nonrepa i rab le  s y s t e m  



s o  the level a t  which complete  potting is applied is usual ly  l imited.  
one exception i s  the u s e  of c e r t a i n  types of m a t e r i a l s  which c a n  be 
removed f o r  r e p a i r  o r  rep lacement .  When this  is done, i t  is feas ib le  
to  pot la rge  a s s e m b l i e s  thus reducing the r equ i r emen t  fo r  an  e x t r e m e l y  
s tab le  outer housing. Thus this  a l t e rna te  method, which is gene ra l ly  
l imi ted  to  small packages,  is based on the concept of a f o a m  o r  epoxy 
protected c i r cu i t  which r e q u i r e s  only a l ight metal cover  f o r  ab ras ion  
protect ion and shielding. Th i s  is  par t icu lar ly  t r u e  f o r  s o m e  rad io  f r e -  
quency packages and other  in te rmedia te  s i zed  packages which m a y  be 
equally well defined as the module o r  a n  equipment package. 

The  

d . In te r c o nne c t ions 

The only conclusion to be drawn f r o m  the s u r v e y  with 
r e s p e c t  to interconnect ion techniques is that t he re  a re  as many opinions 
regard ing  the subject  as t h e r e  are  people i n  the bus iness ,  and that  the tech- 
nical  people favor  the pa r t i cu la r  type of connection with which they have 
become mos t  f ami l i a r  and have been m o s t  successfu l .  Cer ta in ly ,  suc-  
c e s s  is  not a c r i t e r i a  t o  be ignored,  but i n  th i s  ins tance  t h e r e  is no 
c l e a r  guidance a s  to  the d i r ec t ion  of fu ture  connection techniques.  P e r -  
haps the m o s t  widely used connections a re  wave so lder ing ,  pa ra l l e l -gap  
welding, and reflow solder ing.  Probably  next in  l ine is  para l le l -gap  
solder ing and hand solder ing.  Basical ly ,  the ma in  a rgumen t  between 
welding and so lder ing  is  the abi l i ty  to  visual ly  in spec t  the joint. The 
a rgument  is that welded joints  cannot be adequately inspec ted  visual ly  
whereas  so lder  jo in ts  can. 
out that good so lder  joint  inspect ion c a n  be achieved only by a well  
t ra ined  inspec tor  and not by the a v e r a g e  engineer  who is unfami l ia r  
with detailed documents  on the subjec t  such  as NASA's NPC200-4. 
pa r t i cu la r ,  t h e r e  have been  difficult ies i n  inspect ing so lde r  joints  
c r ea t ed  by reflow solder ing.  F o r  example ,  gold plating on kovar  l eads  
tends to ama lgamate  with so lde r  resu l t ing  i n  a poor so lde r  joint  which 
has a good visual  appearance .  Other developments  in  so lder ing  include 
the design of equipment to  so lder  up to  14 l e a d s  a t  one t i m e  and the u s e  
of hot gas so lder ing  f o r  f l a t  packs.  Not t o  be overlooked a r e  c o s t  con- 
s idera t ions  between the l e s s  expensive copper -c lad  boa rds  f o r  so lder ing  
and the nickel o r  kovar  boa rds  used f o r  welding. 

While this  may  be t r u e ,  i t  should be pointed 

In 

P r o b l e m s  with welding s e e m  to s t e m  f r o m  using a va r i e ty  of mate-  
rials and th icknesses  of the m a t e r i a l s  coupled with l imi ted  a c c u r a c y  of 
welding machine control .  The l a t t e r  i s  being improved  s teadi ly ,  and,  
as noted in  the d i scuss ion  on modules ,  the techniques s u c h  as myla r  
film c i r cu i t ry  which r e s u l t  in cons is ten t  m a t e r i a l s  and th i cknesses  of 
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m a t e r i a l s  t o  be welded should contribute g rea t ly  to  developing re l iab le  
p rocedures  fb r  welds.  P r e s e n t l y  some companies  a re  using redundant 
welds  on many connections.  

T h e r e  a p p e a r s  t o  be a gene ra l  d i s t rus t  i n  plated-through holes  in  
In some  c a s e s  the holes  a r e  fi l led with a IrZ" 

Two of the subst i tute  

pr in ted-c i rcu i t  boards .  
w i r e  so ldered  in  place while i n  o the r s  redundant eye le t s  a r e  used. Some 
p r e f e r  to  avoid plated- through holes  altogether.  
methods cons is t  essent ia l ly  of providing a pad which is  the thickness  
of the board so connections c a n  be made to either s ide.  
has been to use  extended eye le t s  as d iscussed  below. 

Another approach  

The  major i ty  of cordwood type modules a r e  welded with nickel w i re .  
The  consensus  s e e m s  to be that  a c r o s s - w i r e  weld of round wi re  is 
be t te r  than one of r ibbon w i r e  and round wire .  
number  of modules  using the l a t t e r  technique as wel l  as ju s t  plain hand 
so lder ing  w e r e  observed  dur ing  this survey. 
a p p e a r s  to  be that  of manual  wir ing following a pr inted pa t te rn  on the 
insulat ing ma te r i a l .  

Neve r the l e s s ,  a l a r g e  

The m o s t  common prac t ice  

Daughter boa rds  w e r e  a s sembled  to  mother  boa rds  by solder ing,  
connec tors ,  o r  welding. In the c a s e  of solder ing,  the connections w e r e  
gene ra l ly  wave so ldered  although reflow so lder ing  was  used occasionally.  
A technique for  welding such  connections was  a l s o  used  by s e v e r a l  com-  
panies  which cons is ted  of providing an extended eye le t  through the hole 
in  the mothe r  board  to  which the daughter board  pin passed .  E i the r  a n  
aux i l i a ry  connecting lead o r  a sect ion of the mother  board etched c i r -  
cu i t ry  w a s  brought  to  b e a r  aga ins t  the eyelet  and opposed e lec t rode  weld- 
ing  used  to connect the mothe r  board  lead,  the extended eyelet ,  and the 
daughter  board pin together.  Te rmi -Po in t  and wi re -wrap  a r e  being 
u s e d  to  s o m e  extent  to  give a speed advantage ove r  hand so lder ing  and 
a repa i r ab i l i t y  advantage over  welding, but apparent ly  have not been 
accepted  on a wide bas i s .  

A wide var ie ty  of connec tors  a r e  in  use  ranging f r o m  p r e s s u r e  con- 
t ac t  s p r i n g s  to high inser t ion- force  mating contacts .  
a g r e e m e n t  evident as to  the one method 's  supe r io r i ty  over  another .  

T h e r e  is no gene ra l  

A su rp r i s ing ly  g r e a t  amount of hard wir ing  is  still i n  use.  I t  t akes  
place i n  eve ry  conceivable f o r m  f r o m  point- to- point board interconnects  
to  p re fo rmed  cabling. Many of the innovations have taken place in  mak-  
ing connections f r o m  a pr inted-circui t  board to  a connector .  
i n t e re s t ing  techniques have been developed which i n  e s s e n c e  a r e  a method 
of br inging h a r d  w i r e  f r o m  a hole in  the pr in ted-c i rcu i t  board around a 
r igh t  angle  bend to a connector  and potting the wir ing to  the back of the 

Severa l  
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connector in that s ta te .  Avar i a t ion  of this includes prepotting the 
a s sembly  s o  it c a n  be dropped on the board l ike a module. 
the wiring is potted o r  foamed in  place to  s e c u r e  it. 
which have used pr inted cabling appear  to be qui te  enthusiast ic .  
o f fe rs  space  saving and flexibil i ty both i n  bas ic  production techniques 
( the folded module desc r ibed  previously) ,  space  and weight. When this  
f lex  cable is  brought  d i r ec t ly  to connec tors , i t  is  genera l ly  potted a t  the 
back of the connector .  
space  and weight a r e  the reduced likelihood of wi r ing  e r r o r s .  
t ages  a r e  the lead t ime  to  p r e p a r e  the cable  des ign  and the lack  of f lexi-  
bility when changes a r e  requi red .  

Genera l ly ,  
Those  organizat ions 

It 

Some of the advantages cited in  addition to  the 
Disadvan- 

Some work is being per formed i n  developing techniques for  welding 
and solder ing wi re  without s t r ipping it. 
genera l  d i s t r u s t  on the p a r t  of those who have not yet  invest igated these  
techniques,  i t  would appear  that  t he re  is  substant ia l  hope for  the prac t i -  
ca l  development of these  methods.  

While t h e r e  a p p e a r s  to be a 

e. Pot t ing Compounds 

As  in the o ther  a spec t s  of packaging, a wide va r i e ty  of 
potting compounds a r e  i n  use .  The) a r e ,  genera l ly ,  some  va r i e ty  of 
epoxy, ure thane  foam,  o r  S tycas t  1090. 
quite popular,  one of the m o s t  in te res t ing  being the m i c r o s p h e r e  type 
of f i l ler .  Some companies  c l a i m  the fi l led epoxies  provide good hea t  
t r ans fe r  while other  companies  c l a i m  the i r  s tud ies  show the f i l l e r s  have 
l imited value.  Some s tudies  on potting compounds with m i c r o s p h e r e  
f i l l e r s  has  shown the c r i t i ca l i t y  of un i fo rm t e m p e r a t u r e  in the mold f o r  
the potting. If the t e m p e r a t u r e  should be too high and the fluid become 
too viscous,  t he re  will  be a nonuniform dens i ty  exis t ing in the potted 
module resu l t ing  i n  differing exothermic  and hea t  t r a n s f e r  c h a r a c t e r i s t i c s .  
The p r e s s u r e s  exer ted  by the curing epoxies  a r e  a l s o  of g r e a t  i n t e r e s t  
and have been foundby many to c r u s h  g l a s s  components .  T h e r e f o r e ,  i t  
is  usually n e c e s s a r y  to  apply a conformal  coating to the p a r t s  before  
potting them in  epoxy. Another subjec t  of conce rn  is  the t e m p e r a t u r e s  
c rea ted  in te rna l  to the.module dur ing  the cur ing  cycle .  Studies of this  
phenomena a r e  a l s o  being undertaken.  

The use  of f i l l e r s  has  become 

Another difficulty in encapsulat ing modules  is  that encountered with 
using f o a m  compounds such  as ure thane .  
uniform foam densi ty .  
using a d i spe r s ion  plate and  f r e e  foaming thus achieving a un i fo rm den- 
si ty.  R T V  a l s o  s e e m s  to  be a success fu l  encapsulan t ,  while one com- 
pany mentioned the use  of t r a n s p a r e n t  sval guard  t o  promote  visual 
a c c e s s  for  e a s i e r  r e p a i r .  

It is difficult  to  achieve  a 
One company has  approached  the p rob lem by 
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Some problems with ure thane  foams outgassing at c r i t i c a l  a l t i tude 
S imi la r ly  i t  a p p e a r s  that  levels  of 6 5 , 0 0 0  fee t  have been  encountered. 

voids in  potting compounds have been respons ib le  f o r  co rona  d i scha rges  
and equipment  f a i l u r e s  under similar conditions. However ,  even in this 
c a s e  of f o a m  outgassing,  this  opinion i s  not un iversa l ly  held. 

Two depa r tu re s  f r o m  the usua l  potting and foaming p rocedures  
include the use  of a llB'l stage epoxy between l a y e r s  of a manual ly  
a s sembled  pr in ted-c i rcu i t  board which l a t e r  c u r e s  due to  p r e s s u r e  
and the u s e  of methyl  polysiloxane as  a contact  adhesive fo r  assem- 
bling modules .  
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Appendix A 

IN-PLANT VISIT RESUMES 

Appendix A is r e s u m e s  of each  in-p lan t  v i s i t  made  f o r  the purpose  
of d i scuss ing  c u r r e n t  and immedia t e  fu ture  e lec t ronic  packaging techni- 
ques.  In o r d e r  to  p e r f o r m  this function within reasonable  t i m e  and c o s t  
cons t r a in t s ,  i t  was  n e c e s s a r y  to make a n  a r b i t r a r y  se lec t ion  of a c r o s s  
sect ion of var ious  types of i ndus t r i e s  and agencies .  In many  c a s e s  only 
one pro jec t  office was  vis i ted o r  one genera l  l ine of products  was  reviewed 
dur ing  the two to th ree  hour  v i s i t s  a t  each  of the companies .  The re fo re ,  
the information r epor t ed  he re in  cannot be cons idered  indicat ive of the 
total  thinking o r  total  capabili ty of any of the companies  l is ted.  
i n  many ins t ances  the re  was  not t ime to r e p o r t  all the de ta i l s  of the 
techniques o r  even all the unique fea tures  of approaches  being used by 
a given office.  F u r t h e r ,  each  company w a s  ins t ruc ted  not to  divulge any  
p r o p r i e t a r y  informat ion  s o  that everything obtained dur ing  the su rvey  
would be publishable. T h e r e  is ,  of cour se ,  much additional work  being 
done i n  fu ture  planning and development which could not be r epor t ed  h e r e .  

In fac t ,  

However ,  i t  is believed that  these br ief  broad r e m a r k s  resu l t ing  
f r o m  th is  s u r v e y  provide a n  example  comprehens ive  p ic ture  of the 
ma jo r i ty  of the e lec t ronic  packaging techniques in use  a t  the p re sen t  
t ime .  

1 1. Brown Engineering Company, Huntsville, Alabama 

Brown Engineering is actively engaged in  all phases  of a e r o -  
A r e a s  of i n t e r e s t  within the E lec t ron ic s  space  e lec t ronic  packaging. 

Divis ions a r e  as follows: 

1)  

2 )  
3) Mic roc i r cu i t  t o  module packaging 
4) Interconnect ions--  Becon Connectors .  

P r o p e r t i e s  of materials and environmental  effects  on  
m a t  e r ial s 
D i s c r e t e  p a r t s  to module packaging 

a. Conformal  Coating and Encapsulation 

Brown is working per  the Marsha l l  Space F l ight  C e n t e r ' s  
spec i f ica t ions  using HiSol 007  polyurethane fo r  spraying.  Zycon a l s o  
is used  as  a conformal  coating being applied by a p ropr i e t a ry  method. 
The  s i l icone  films, such as GE 615 and Dow 184 which a r e  optically 
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c l e a r  films, a r e  used i n  applications requi r ing  high voltage breakdown 
o r  r e s i s t ance  to  oi ls .  
it  possible to dig out p a r t s  when repa i r ing  individual boards .  
pottings are  not used d i r ec t ly  on c i r cu i t s  where  g l a s s  component pack- 
a g e s  a r e  involved because  of difference in the coefficient of expansion: 
these  c i r cu i t s  a r e  f i r s t  coated with a g l a s s - e l a s t o m e r i c  polyurethane to  
give the n e c e s s a r y  cushion. In the or iginal  SATURN uni ts  (1964),  the g l a s s  
i t e m s  w e r e  put in  a vinyl s leeve .  Brown makes  u s e  of s i l icone,  epoxy, 
and high t e m p e r a t u r e  ure thane  f o a m s  f o r  potting and have successfu l ly  
used  s i l ica-  filled and be ry l l i um oxide- filled compounds for  t h e r m a l  
conduction. Another potting compound used by Brown is the mic ro -  
balloon (hollow g la s s  s p h e r e s  ranging f r o m  30 to 300 m i c r o n s  i n  s i ze )  
filled epoxy r e s in .  
s t r a t e s  a supe r io r  insulating quali ty due to  the inherent  single ce l l  
s t r u c t u r e  as compared  to  the mul t ice l l  s t r u c t u r e  of foam. 

These  films a l s o  have low peel  s t r eng th ,  making 
Epoxy 

Th i s  subs tance  has  a densi ty  of 0. 78 and demon- 

Future  plans a r e  to  u s e  t r a n s f e r  molding to  achieve higher  r e l i -  
abil i ty a t  lower cost .  
and a r e  working on a machine to provide uni form cen te r  coating. 

They a r e  a l s o  consider ing fluidized bed coating 

b. P r in t ed -  Ci rcu i t  Boa rds  

Brown has  s tandard ized  on kovar  and pu re  nickel  foi ls  s ince  
these  a r e  the only m a t e r i a l s  p re sen t ly  qualified for  welding by' NASA 
Flight  Standards.  They a r e  successfu l ly  etching kovar  boa rds  and a r e  
supplying these to  S p e r r y  Ast r ion ics  f o r  mul t i layer  board makeups.  A 
technique has  been developed for  producing a 40- to  60 -mic ron  l aye r  of 
hot so lder  coating on pr inted-  c i r cu i t  boards .  
a wave- so lder  coating with a p ropr i e ty  follow- on p r o c e s s  that  r e m o v e s  
e x c e s s  so lder  and smooths  the r ema in ing  s o l d e r  into a thin uni form 
coating. When per fec ted ,  the machine  will  be marke ted .  Brown is a l s o  
investigating the r emova l  of flux r e s idue  f r o m  completed pr inted-  c i r cu i t  
boa rds  through the use  of a n  u l t rasonica l ly  actuated wave of solvents .  
H e r e ,  the cavitation is mean t  to occur  only a t  the l eve l  of the board and 
not a t  the level  of the mounted components .  A heavy mass is used to  
d a m p  the board as i t  moves  through the machine.  

The technique employs  

Examples  of planar  board packages a r e  shown in  F i g u r e s  1 and 2. 

c . Mic r oele c t r  onic s 

Brown is going i n  the d i r ec t ion  of thick films s ince  this  
method lends i tself  to  g r e a t e r  ut i l izat ion of monolithic chips .  
the thick gold film is sc reened  d i r ec t ly  onto a c e r a m i c  s u b s t r a t e  and 
f i r e d  i n  a n  oven. 

P r e s e n t l y ,  

The  monolithic chips  a r e  a t tached  f ace  up to  the 
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subs t r a t e  and interconnect ions a r e  made by s t i t ch  bonding one- mil gold 
wire .  
que in  the i r  newly developing facil i ty.  Also,  they a r e  experimenting 
with a pantograph drawing machine which l ays  the gold pa t te rn  d i r e c t l y  
on the c e r a m i c  subs t r a t e .  This  technique is s u p e r i o r ,  but so far the 
composi t ion of the gold coating has been t roublesome.  Prototype work  
using these  new techniques is expected to  get  into production i n  mid 
1967; the r e s u l t  wil l  be a complete  c e r a m i c  package. 
in-house education p r o g r a m  fo r  des igne r s  to  encourage the use  of 
mic  r o c  i r cui t s . 

They a r e  planning to  go to  the u l t rasonic  bonded, f l ip-chip techni- 

T h e r e  is an 

d. Becon Connector 

The Becon Connector ,  a development of the Brown Engi- 
neer ing  Company, was  or iginal ly  developed f o r  the PERSHING Miss i le .  
It is designed to  s c r e w  down a lmos t  anywhere on the pr in ted-c i rcu i t  
board and make  connection through gold-plated p r e s s u r e  contacts  to  
lands ,  pads ,  and even  conductor paths. The connec tors  a r e  avai lable  
i n  s e v e r a l  configurat ions including s t r a igh t  through (180 d e g r e e s ) ,  
r igh t  angle (90  d e g r e e s )  , socket  model ( accep t s  pr inted-  c i r cu i t  board  
on edge) ,  c o r e  model  ( can  contain minia ture  c i r cu i t  in hollow c e n t e r ) ,  
board  to w i r e  model ,  mounting p la tenfor  cordwood modules ,  and holder  
fo r  m i c r o c i r c u i t  f la t  packs.  
Connector e x e r t  300 g r a m s  contact  p r e s s u r e ,  a r e  ra ted  for  five a m p e r e s  
a t  100°C t e m p e r a t u r e  r i s e ,  and will not open a t  30 g ' s  of vibration. 
These  connec tors  have been used on s e v e r a l  space  applications.  
example  of the s ty l e s  i s  shown i n  F igu re  3 .  

The individual sp r ing  contacts  of the Becon 

An 

2. Cubic Corporation, Son Diego, California 

a. Radio F requency  Transponder  

The Cubic designed sa te l l i t e  r ad io  frequency t ransponder  
(600 k c )  is built  in modular  f o r m  bn a s ingle-  sided printed- c i r cu i t  board  
having a t in-plated copper  base.  The top s ide  of the board is used as 
a ground plane while the bot tom s ide  provides  some  interconnect ions.  
The m e t a l  frame is a machined she l l  l ike a sa rd ine  can.  
one s t anda rd  s i z e  and have machined l ips  so  they nes t  together .  
Approximately 10 of these  cans  a r e  stacked together  on edge in a c a s t  
a luminum module frame and held i n  l a t e r a l  compress ion  by four  com-  
p r e s s i o n  bolts ex te r io r  to  the cans .  
modules  whereve r  requi red  and a r e  anchored aga ins t  a base  plate  to 
provide hea t  t r a n s f e r .  
gaske t  enc loses  the a s sembly .  

The cans  a r e  

Heat-s ink plates  a r e  placed between 

A shielded can equipped with a r ad io  f requency  

1 7  
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I 

The connections on the bot tom of the board a r e  hand so ldered  in a 

They 
have used some  eye le t s ,  but have had trouble and avoid t h e m  whenever  

Some stake t e rmina l s  a r e  used as a r e  s o m e  
T h e r e  is no printed- c i rcu i t  

c lean  room.  
pas sed  through the hole and so lde red  on both s ides  of the board.  

possible .  
anchor  some  of the pa r t s .  
c e r a m i c  capaci tor  feed- through t e rmina l s .  
board in  the ampl i f i e r  sec t ion  thus making it highly r epa i r ab le .  

The  holes  through the board a r e  open and  a "Z" w i r e  is 

I 

The module is not potted except f o r  spot  u s e  of epoxy to 

~ Exte rna l  to each  module a r e  a few t e rmina l s  u s e d f o r  interconnect ions 
by ha rd  wi re .  
module and a r e  used f o r  interconnect ion and connections to the outside 
of the package. 

Radio frequency connectors  come out the s ide of each  

The  package will withstand 2 0  g ' s  a t  3000 cyc le s  s ine  wave a t  a 
r a n d o m  vibrat ion of 400 to  2000 cyc les  pe r  second. 
withstand 200 g ' s  shock fo r  one-half of a mil l isecond.  
that  all the work  done at Cubic is  f o r  very  low production runs .  

I t  is designed to 
It  was  emphasized 

b. P l a n a r  Assembl ies  

Some of the equipment designed f o r  a i r c r a f t  cons i s t s  of 
s ingle-  s ided planar  boa rds  which a r e  wave so ldered .  Only d i s c r e t e  
p a r t s  a re  used at the p re sen t  t ime  and they a r e  mounted in a denseax ia l  
configuration. The  boa rds  a r e  sl id into fo rmed  me ta l  guides to hold 
t h e m  i n  place.  A hold-down plate  including a s i l i con  rubbe r  pad i s  used 
to  r e s t r a i n  the c i r cu i t  boa rds  in  a d r a w e r  configuration approximately 
10 by 15 inches.  Some conformal  coating is  used. The  equipment is 
air cooled. Connectors  on the boards  plug into the mating half of the 
connector  located i n  s lo t s  on the bottom of the d r a w e r .  Hard \ \ , ire i s  
used  out to the back of the unit where  floating plugs a r e  mounted. 
f requency  cove r  plates  a r e  used over  each board as  needed. 
supply sec t ion  h a s  a m a s s i v e  hea t  sink. 

Radio 
The  power 

c. Other  ComDonents 

Cubic has  a l s o  made  a two-watt t r a n s m i t t e r  for  t e l eme t ry  
on the Agena sys t em.  
machined  a luminum c a s e  measu r ing  3 / 4  by 2l/2 by 5 inches.  
pr inted-  c i r cu i t  boa rds  a r e  used. 
to  contac t  d i r ec t ly  with the case .  

The  box container configuration i s  fixed, a 
Small  1 

Special heat  s inks  have been installed 

Cubic has  done s o m e  work  with micrologic  in TO-5  cans .  A s t a n -  
d a r d  s ingle-  s ided pr in ted-c i rcu i t  board pa t te rn  is used which cons i s t s  
of row paths .  The TO-5 cans  a r e  plugged into the board ,  and the leads  
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a r e  bent over  on the bot tom side and so lde red  to the pads. E a c h  pad has  
two holes permi t t ing  top s ide  ha rd  wir ing f o r  point- to-point connections.  
This  i s  to  a l s o  faci l i ta te  mixing d i s c r e t e  p a r t s  with the in tegra ted  c i r -  
cui ts .  
This  unit is  a l s o  fo r  low production and f ea tu res  e a s e  of changing p a r t s  
o r  wiring. 

Ex te rna l  connections are  made  via board-mounted connec tors .  

Cubic is a l s o  consider ing the u s e  of f la t  packs and looking ahead 
to  such things as cordwood and potting of r ad io  frequency modules.  

3. Douglas Aircraft Company, Santa Monica, California 

Douglas is involved in  e lec t ronic  packaging fo r  ground suppor t  
and mis s i l e  borne  e l ec t ron ic s  fo r  the ZEUS, THOR, DELTA, and 
SATURN m i s s i l e s ,  the MOL vehicle ,  and the OGO-F. They have a l s o  
conducted a NASA-sponsored study of f la t  w i r e  cabling. 
techniques a re  based on high densi ty  mul t i layer  p r in t ed -c i r cu i t  boards .  

The i r  bas i c  

a. ZEUS Components 

T h r e e  s c h e m e s  a re  cons idered  on th i s  pro jec t  using d i s -  
The  f i r s t  is  a conventional four -  by f ive- inch f la t  c i r c u i t  

The second is based on a 21/2 - by 3l/3-inch double-s ided board  
c r e t e  par t s .  
board.  
which achieves p a r t  densi ty  by standing the d i s c r e t e  p a r t s  on end,  i. e . ,  
no rma l  to the board.  The third approach  is  a cordwood a s s e m b l y  which 
may  be e i the r  welded o r  so ldered .  
a double- s ided p r in t ed -c i r cu i t  board fo r  th i s  cordwood module and reflow 
solder ing techniques.  

Cons idera t ion  is being given tous ing  

The gene ra l  a s s e m b l y  approach  is to  u s e  a cold plate  i n  the c e n t e r  
of the package for  the mounting of the high h e a t  d i ss ipa t ing  p a r t s .  
a r e  then conformal  coated,  followed by a polyethylene f o a m  fo r  m a x i m u m  
rel iabi l i ty  r equ i r emen t s .  
a l s o  foamed a f t e r  h a r d  wir ing  fo r  board  in te rconnec t ions  and ex te rna l  
connections to a connector .  
t r i c a l  can around the cold plate  t o  provide a cen te r -o f -g rav i ty  type 
mounting. 

P a r t s  

The back of the pr inted-  c i r c u i t  boa rds  a re  

The e n t i r e  package is designed as a s y m m e -  

b. OGO-F 

Douglas has  designed and bui l t  a s u i t c a s e  type ground 
It  u s e s  in t eg ra t ed  c i r c u i t s  e x e r c i s e r  fo r  a portion of this  s y s t e m .  

mounted on pr inted-  c i r cu i t  boa rds  having plated- through holes .  
nections a r e  made  by ref low so lde r  techniques.  
a r e  assembled  together  under  compress ion .  

Con- 
F i v e  of these  boa rds  
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Disc re t e  and 10-lead round integrated-  c i r cu i t  packages a r e  mounted 
on the 61/2- by 11-inch double-sided pr in ted-c i rcu i t  board.  A s e r i e s  of 
t hese  boa rds  a r e  h a r d  wired  to  the mother  boa rd . '  Douglas has  experi-  
enced v e r y  l i t t l e  t rouble  with the plated-through holes  for  holes  g r e a t e r  
than 0 .025  inches  where  the r a t i o  of d i ame te r  to depth is no m o r e  than 
one to  four .  When the board thickness to  whole d i a m e t e r  r a t i o  r e a c h e s  
seven  to one, p rob lems  can  be expected. 

c. SATURN Ground Support Equipment 

This  equipment cons i s t s  of d i s c r e t e  components  mounted 
on pr inted-  c i r cu i t  boa rds  using reflow solder ing.  
based on the quantity and cos t  t r a d e  off requi rement .  
c i r cu i t  boa rds  a r e  conformal  coated. 
f o r  interconnect ions.  

This  decis ion is 
The pr inted-  

Wi re -wrap  connec tors  a r e  used 

d. MOL 

P l a n s  f o r  modules  on this pro jec t  include using a 0 .875-  
by 0.400- inch double- s ided pr inted-  c i rcu i t  containing in- l ine in tegra ted  
c i r cu i t s .  
rhodium plated on copper  placed on 100-mil cen te r s .  
f o r m a l  coated and plugs into a connector  d i rec t ly .  
spacing provides  a n  advantage of m o r e  r o o m  fo r  the pr inted c i rbui t  
between e a c h  connector .  

The board will  contain edge mounted contacts  which a r e  nickel-  
E a c h  c a r d  i s  con- 

The u s e  of 100-mil 

e. Gene ra l  Packaging Investigations 

Douglas has conducted a s tudy on pr in ted-c i rcu i t  f la t  cable  
under  con t r ac t  with NASA. P r o b l e m s  of computing bends,  acceptable  
fo lds ,  and s tacking techniques have been invest igated along with methods 
f o r  connecting w i r e s  to connectors .  Interconnection e a s e  and low cos t  
s y s t e m s  have been a p r i m a r y  concern.  One of the l imitat ions has been 
the  avai labi l i ty  of sui table  connectors .  However ,  NASA i s  consider ing 
the p r o b l e m  f u r t h e r  and investigating a s e r i e s  of connec tors  in  which 
the cable  can  be s t r ipped  and molded into the plug. Other types of con- 
n e c t o r s  a r e  avai lable  but i t  a p p e a r s  some s tandardizat ion is r equ i r ed  in  
this a r e a .  Bas ica l ly  this  type of wiring is  expensive,  but i t  a p p e a r s  
product ion savings may m o r e  than offset the difference.  
has s u p e r i o r  a b r a s i o n  r e s i s t a n c e  with r e s p e c t  t o  a conventional type 
bundle without a protect ive jacket .  
cab le  is  t e m p e r a t u r e  l imited.  

The f la t  cable  

It has been noted that  the m y l a r  

Some invest igat ion has  a l s o  been made  of w i r e - w r a p  techniques.  
Hand w i r e  wrapping r e s u l t s  in a n  85  percent  l abor  saving over  hand 
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solder ing,  and i t  is  expected that  automatic  wi re  w r a p  would r e s u l t  in 
a n  even g r e a t e r  savings.  
t o  change, and i t  h a s  f a i r l y  good r e s i s t ance  to acce lera t ion .  
s iderat ion h a s  been given to  using w i r e  w r a p  on a T e r m i - P o i n t  s y s t e m  
fo r  interconnecting f l a t  cable  connec tors .  

Wi re  w r a p  a l s o  h a s  the advantage of being e a s y  I 

Some con- 

Development work  on mul t i layer  printed- c i r cu i t  boa rds  has  a l s o  
been conducted investigating the value of 8 to 12 l aye r  boards .  
t h e r e  a r e  problems with the rel iabi l i ty  of plated-through holes and the 
usua l  problems of r e p l a c e m e n t  and changes i n  design.  
boa rds  becomes  economical  only when l a r g e  quant i t ies  a r e  involved. 
m o s t  ca ses ,  i t  a p p e a r s  a s ix - l aye r  board would be sufficient.  F u t u r e  
work  and development will  cons ider  automated p lacement  of f la t  packs 
on pr in ted-c i rcu i t  boa rds  and fu r the r  invest igat ion of reflow so lde r ,  
r e s i s t ance  so lde r ,  and welding techniques.  

However ,  

Use of mul t i layer  
F o r  

4. General Dynamics, Convair Division, Son Diego, California 

Genera l  Dynamics m a k e s  a n  e lec t ronic  module containing f l a t  
I t  is 

The abil i ty to  e tch  away the 
packs which u s e s  a one-rnil  m y l a r  base  as a n  in te rconnec t  panel.  
double sided and has  plated-through pads.  
m y l a r  and provide the plated- through pads ,  thus permi t t ing  opposing 
e lec t rode  welding is Genera l  Dynamics '  p r i m a r y  advantage i n  this  techni- 
que.  Each of the m y l a r  films has s e v e r a l  s p a r e  weld pads to  p e r m i t  
test welding to  ver i fy  weld schedules  each  t ime  the p a r t  is changed. 
( T h e s e  welds  a re  checked by qual i ty  cont ro l  people with pull t e s t s .  ) 
bottom p a r t  of the pad is r e c e s s e d  thus permi t t ing  the use  of a s q u a r e  
e lec t rode  and providing a locating technique fo r  a c c u r a t e  welding, (Th i s  
technique i s  d i scussed  in  a paper  presented  a t  N E P C O N ,  1965, enti t led 
"A P l a n a r  Approach to  Res i s t ance  Opposed E lec t rode  Welding. " )  The 
c i r cu i t  on the myla r  is one ounce copper  plated with t h r e e  mils of 
nickel.  
is such that i t  is easy  to include d i s c r e t e  p a r t s  with the f la t  pack. The  
a s sembly  i s  welded in'cluding such  m a t e r i a l s  as dument ,  nickel ,  kova r ,  
and oxygen-free copper .  F o r  the in tegra ted  c i r c u i t s ,  a double s i z e  
pad is  used with a double welding technique. F o r  the o ther  p a r t s ,  the 
double s i z e  pad i s  used in  conjunction with long l eads  thus permi t t ing  
t h e m  to cl ip  out a pa r t  and weld in another  one using the r e m a i n d e r  of 
the pad. P i n s  a r e  welded to the pad to  br ing  s igna ls  out of the module 
and a r e  interconnected with point to point thus avoiding connec to r s  as 
much  as possible .  

The  

The p a r t s  a r e  placed on one s ide  of the m y l a r  base .  Thedes ign  



The module is  put in  a tape-mil led a luminum frame and conformal  
When all of the modules  have been put in the coated with polyurethane. 

"black box" and bolted to  a deck they a r e  foamed with r igid polyurethane. 
Although the rigid foaming l imi t s  maintenance, the polyurethane does  
not suppor t  combust ion and it h a s  dimensional  s tabi l i ty  and l i t t le  post  
cur ing  growth. 
inches  o r  t h ree  by f ive  inches .  The  f la t  pack modules  a r e  i n  modules  
21/2 by 2l/, inches.  
f o r  small quantity prototype production. However ,  Gene ra l  Dynamics 
would u s e  mult i layer  mothe r  boa rds  with this technique i f  they wer;  
manufactur ing a l a r g e  quantity. 

The modules  are in var ious s i z e s  such  as two by th ree  

It  was  emphasized that th i s  technique is advantageous 

5. Honeywell,  Incorporated, Aeronautical Division, 

St. Petersburg, Florida 

Two gene ra l  a r e a s  of e lectronic  packaging w e r e  d i scussed  a t  
Honeywell; the packaging of c i r cu i t s  and the packaging of sys t ems .  
sonnel  of the Market ing Group and the Integrated Ci rcu i t  Producing 
Group d i scussed  Honeywell 's  act ivi t ies  i n  the l a r g e -  s c a l e  integrated-  
c i r  cui t f ie  Id. 

P e r -  

a. L a r g e -  Scale  Integrated Ci rcu i t s  

Honeywell i s  shunning the hybrid approach  to l a rge - sca l e  
in tegra ted  c i r c u i t r y  (i. e. , multichip and mothe r  board  a s sembly )  and 
going the route  of the large monolithic chip which c a n  contain many 
c i r cu i t s  and even subsys t ems .  
on a s ingle  chip which Honeywell fee ls  is possible .  

The  ul t imate  goal is  a complete  s y s t e m  

Cur ren t ly  they a re  producing fo r  in-house use  a s e r i e s  of shift  
P r inc ipa l  among these  a r e  a 10-bit  s e r i a l  shift  r e g i s t e r  r e g i s t e r s .  

mounted in  a s t anda rd  14-lead f la t  pack, and a 10-bit  para l le l  input- 
output sh i f t  r e g i s t e r  that  is the equivalent of 23 integrated-  c i r cu i t  f l ip  
f lops.  
producing a digi ta l  word t r ans l a to r  that has a " r e a d  only" capabili ty 
of 64  words  a t  24 bi ts  per  word. 
on a 0.22- by 0. 29-inch chip,  h a s  i t s  m e m o r y  fixed during production 
by a technique of burning out unwanted diodes f r o m  the m a t r i x  with a 
h igh -cu r ren t  pulse.  The  resu l t ing  t ru th  table r e q u i r e s  only 39 pins 
out but is present ly  packaged in  a 46-pin c e r a m i c  f la t  pack approximately 
th ree - fou r ths  of a n  inch square .  A conductor pa t te rn ,  etched f r o m  a 
gold l a y e r  deposi ted on the c e r a m i c  base of the package, s e r v e s  to 
in te rconnec t  the chip and the f la t  pack leads.  P r e s e n t l y ,  flying-gold 
l e a d s  connect  the chip pads to the conductor paths and the conductor 

The  c i r cu i t  mounts  i n  a 26-pin f la t  package. Honeywell is a l s o  

This device ,  essenta l ly  a diode m a t r i x  

2 3  



paths to  the outside package leads .  
e l iminate  the second set of flying leads  by d i r ec t ly  connecting the con- 
ductor paths  to the flat- pack leads.  

They a r e  working on a technique to  

b. TO S e r i e s  Enc losu res  

Honeywell is ser ious ly  looking at l a r g e  ve r s ions  of the T O  
s e r i e s  of semiconductor  cans  that would accommodate  the l a rge -  s c a l e  
integrated c i r cu i t s .  
55 pins out on 80-mi l  cen te r s .  
s t e m s  f r o m  the following points: 

Descr ibed  was  a 13/4-by 13/8-inch ve r s ion  having 
The i r  i n t e r e s t  i n  th i s  type of enc losu re  

1) 
2 )  
3) High t h e r m a l  conductivity 
4)  
5) Wave so lder  a s s e m b l y  
6)  

P roven  h e r m e t i c  can  s e a l  (welded m e t a l / m e t a l )  
P roven  he rme t i c  lead  seal ( g l a s s / m e t a l )  

Auto a s s e m b l y  i n  plated-through holes  

Accommodate  a whole monolithic wafer  c i rcu i t .  

They have cons idered  a s t agge red  pin a r r a n g e m e n t  f o r  this  type of pack- 
age  to reduce  total  s i ze ,  but a r e  unfavorable toward it s ince  i t  does  not 
lend itself to  good adaption i n  the s t anda rd  pr in ted-c i rcu i t  board lead 
configurations.  
( rec tangular )  of this enlarged TO s e r i e s  can ,  which is being studied. 

Brief ly  mentioned w e r e  o ther  s i z e s  and shapes  

c. ALERT Digital  Computer  

The  ALERT Digital Computer  f o r  the X- 15 a i r c r a f t  is a 
v e r y  rugged unit which u s e s  p lanar  mounting of f la t -pack in tegra ted  
c i rcu i t s  on mul t i layer  daughter  boa rds  interconnected by a mul t i l aye r  
mother  board.  P resen t ly ,  the flat packs a re  at tached by para l le l -gap  
welding individual leads.  Honeywell f e e l s  welding is inherent ly  m o r e  
re l iab le ,  but that  much thought has to  be given to  board des ign  and 
s tandardized weld- pad configurations i f  cons is ten t ly  good welds  a r e  to  
b e  made. 
to 20 percent  of r o o m - t e m p e r a t u r e  mechan ica l  s t r eng th  a t  220" C) ,  has 
loos  e r  control  p a r a m e t e r s  and accord ingly  is being s e r i o u s l y  invest igated.  
They are looking into so lder ing  individual l eads ,  14 l eads ,  and even  20 
l eads  at  a t ime.  

Soldering, while l e s s  r e l i ab le  a t  high t e m p e r a t u r e  ( reduct ion  

The daughter  pr in ted-c i rcu i t  b o a r d s ,  which mount f la t  packs on 
both s i d e s ,  a r e  30- layer  plated- through hole boa rds ;  actual ly  these  
boards  a r e  two similar 15- layer  boa rds  as  follows: 
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1)  Weld pa t t e rn  
2)  Ground plane 
3) Voltage plane 
4) Ground plane 
5) Clock plane 
6)  Ground plane 
7)  to  15) Logic planes.  

The insulation thickness  between l a y e r s  s ix  and seven  is made  as 
l a r g e  as possible  to i so la te  the logic signals f r o m  the ground plane. 
F u r t h e r ,  the logic pa t t e rns  on each  layer  a r e  local ized to  minimize  
c r o s s  talk:  a l t e rna te  logic l a y e r s  a r e  routed n o r m a l  to  each  o ther  to 
min imize  capaci tance effects .  Each  board is equipped with a s lave  
clock c i r c u i t  that  is d r iven  by a m a s t e r  clock c i r cu i t  in  the computer .  

The daughter  boa rds ,  as descr ibed ,  a r e  joined to  a 21-layer  mother  
board e i the r  by connector  a s s e m b l i e s  o r  by f la t  f lex-cable  l inks.  
s y s t e m  of laminated bus b a r s  is used to route  voltages and grounds in  
the computer .  F ina l ly ,  f la t  f lex-cable  wir ing (and s o m e t i m e s  cabled 
h a r d  w i r e  r u n s )  is  used  to  connect the mother  board to  the input/output 
connec tors .  These  cable  l inks a r e  potted into the back s ide  of the con- 
nec to r s .  

A 

In f inal  a s sembly ,  t h r e e  daughter  boards  are  bolted to e i ther  s ide 
of a c e n t r a l  s t r u c t u r a l  web with a s y s t e m  of bonded-on s p a c e r s  main-  
taining the d is tance  between the daughter boards ;  eight bolts a r e  used. 
Thus a s sembled ,  each  board  shows a low inherent  r e sonance ,  and 
cushioning o r  c o m p r e s s i v e  pads a r e  not needed. A polyurethane con- 
f o r m a l  coating i s  air sp rayed  on the boards a f te r  f ina l  checkout;  the 
housing is not he rme t i ca l ly  sea led .  

Tes t ing  of the unmounted mult i layer  boards  has proven to be a m a j o r  
t i m e  f ac to r  in  the cons t ruc t ion  of this  computer .  
m o t h e r  boa rds  a re  100 percent  tes ted  as rece ived  and again a f t e r  an  
e leva ted  t e m p e r a t u r e  exposure  of two days.  
c i r c u i t s  are  a l s o  100 percent  tes ted  throughout a t e m p e r a t u r e  rang?  of 
-55" through t100"C.  
p le ted  and the f inal  a s s e m b l y  is then tes ted  a t  e levated t empera tu re  
before  conformal  coating. 

Both the daughter  and 

The incoming in tegra ted  

The daughter  boards  a re  again tes ted  when com- 
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6.  Hughes Aircraft Company, Culver City, California 

A v e r y  r e a l  d i f fe rence  ex i s t s  among the ove ra l l  e lec t ronics  
r equ i r emen t s  f o r  m i s s i l e  application, sa te l l i t e  operat ion,  and manned 
space  fl ight use.  
of these varying needs  by the es tab l i shment  of a s e t  of physical  des ign  
s tandards  for  p r o g r a m s  i n  the i r  r e s e a r c h  and a e r o s p a c e  groups.  Eval- 
uation of the i r  proposed electronic  des igns  u s e s  a s y s t e m  of weighting 
fac tors  f o r  such  per t inent  cons idera t ions  as weight, volume,  re l iabi l i ty ,  
t he rma l  dynamics ,  manufactur ing e a s e  and cos t ,  maintenance,  p rocure-  
ment ,  interconnect ion technique, and t ime  schedule.  T h e r e  a r e  la tent  
feelings within Hughes that the var ious  companies  involved in  a e r o s p a c e  
production should in te rp lay  m o r e  extensively fo r  the behefit of the United 
States  Government .  
s tant ia l  d e c r e a s e  in  in te r face  and mounting p rob lems  between the sub- 
s y s t e m  packages f r o m  different  s o u r c e s  for  a given a e r o s p a c e  sys t em.  

The  Hughes organizat ion has approached the delineation 

An impor tan t  yield of this act ion would be a sub- 

a. State- of- the- A r t  Studies 

Hughes techniques for  a s sembl ing  e lec t ronic  packages a r e  
reported to  range  from the v e r y  e+r l i e s t  t o  the v e r y  la tes t .  
developments  i n  the fl ip bump chip approach  to  the next genera t ion  of 
e lectronic  c i r cu i t ry  have been repor ted .  Cur ren t ly ,  they a r e  evaluating 
the var ious s c h e m e s  thus far developed to d e t e r m i n e  whether  the bump 
chip, the bump subs t ra te ,  or s o m e  o ther  method will  be opt imum: 
bump chip a p p e a r s  to be m o r e  r epa i r ab le  a t  this point. 
s e r ious ly  looking into l a r g e  s c a l e  integrated c i r cu i t  des igns  f o r  the 
packaging of digital  c i r cu i t s  but intend to  s t ay  with the fl ip ch ip  approach  
to  l inear  c i rcu i t ry .  
fo r  the nea r  future:  
advantages of geographic  conserva t ion  and tight- to le rance  capabili ty a r e  
not s o  important  to Hughes. 

T h e i r  

the 
They a r e  

The thick-f i lm s u b s t r a t e  is favored over  thin film 
thin f i lms  a r e  genera l ly  m o r e  expensive and the 

b. C u r r e n t  P r a c t i c e s  

In c u r r e n t  des ign  p rac t i ces ,  Hughes d o e s  not favor  the 
multi layer pr inted-  c i rcu i t  boards  because  of the expense ,  quest ionable  
re l iabi l i ty ,  and inflexibility to  des ign  change. They  make  u s e  of multi-  
l ayer  boards up to  10 l a y e r s  thick where  r equ i r ed ,  but p r e f e r  to  des ign  
around them. 
h a r n e s s  a f te r  modera t e  production quant i t ies  but a t  the r i s k  of lower  
reliabil i ty.  
connections and a r e  used extensively in  the i r  des igns .  
in- house manufactured printed contour  cabling is  used .  
a r e  attached to  mother  boa rds  d i r e c t l y  and s e c u r e d  by wave so lder ing .  

Mult i layer  boa rds  do  have  a n  advantage ove r  h a r d - w i r e  

Both T e r m i -  Poin t  and w i r e - w r a p  a r e  favored for  ha rd -  w i r e  
F o r  s o m e  uni ts ,  

Daughter boa rds  
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Connectors  a t  this  leve l  a r e  cons idered  to be unre l iab le  and contr ibute  
excess ive ly  to  the total  weight and volume of the package. 

c .  HCM 205 ComDuter Package 

Both the mothe r  and daughter  c a r d s  a r e  of plated-through hole,  
two- s ided ,  copper-  c lad lamina te  construct ion with a n  overa l l  plating 
of s o l d e r .  The  daughter  c a r d s  are  approximately 0. 7 inch wide, 3 inches 
long, and 15 mils thick and will  accommodate  e ight  14-lead f la t  packs: 
mo the r  c a r d s  a r e  25 mils thick. Along the lower edge of the daughter  
c a r d  a r e  extended f inge r s  on 100-mil c e n t e r s  which i n s e r t  into the 
mothe r  c a r d  and a re  wave so lde r  secured .  
angle  technology, they a r e  obtaining the interconnect ion capabi l i ty  of 
a six- l a y e r  boa rd ,  while c i rcumventing the objections to mul t i layer  
board.  Also,  within the total  des ign  concept,  the densi ty  which they 
achieve  is  cons idered  good, being in the o r d e r  of 12 to 12. 5 f la t  packs 
p e r  cubic  inch  a t  t h e  module level  and 11 to 11. 5 f la t  packs p e r  cubic 
inch a t  the s y s t e m  level .  

As Hughes views this  r ight-  
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Hughes packaging engineers  approach  new des igns  with 
t h e r m a l  dynamics  being one of the i r  p r ime  cons idera t ions ,  and they use  
computer  p r o g r a m s  to  a s s i s t  this phase of planning. 
heat  exchanger  designed as a mount for  e l ec t ron ic s  in the HCM 205 
computer .  
space  application by convers ion  i n  the cooling sys t em.  The computer  
c i r cu i t  is organized on the horizontal  or bit  approach  r a t h e r  than the 
ve r t i ca l  o r  function approach ,  as is  more  common.  This  c i r c u i t  con- 
cept  contributed to  the use  of r ight  angle technology i n  the mechanica l  
design. 

An example  is a 

Intended fo r  a i rbo rne  use ,  this  des ign  is  adaptable  to ae!ro- 

The  bas ic  building block of the HCM 205 computer  is a c lose-  
to le rance  tape-mi l led ,  60-61 a luminum ce l l  f r a m e ,  3. 5 by 6.  5 by 0. 7 
inches  in s i ze .  In the Ar i thmet ic  Module, 20 cel l  s lo t s  or iented in 
the 3. 5-inch d i r ec t ion  and located s ide  by s ide  along the 6. 5-inch d i r e c -  
tion a r e  mil led completely through the block thickness .  The  daughter  
pr in ted-c i rcu i t  c a r d s  a r e  contained within these  c e l l s ,  two p e r  ce l l  
facing each  o ther  and backed aga ins t  the a luminum web sepa ra t ing  the 
ce l l s .  
p r in ted-c i rcu i t  c a r d  which r u n s  nea r ly  the length of the f r a m e .  
end of the ce l l  f r a m e  is  mounted a s tandard  Malco 136-pin connector  
which m a k e s  connection with the conductor pa t te rn  on the mother  c a r d  
through s t agge r -ben t  r ight-angle  pins. 
through the block along both 6. 5-inch s ides ,  to conduct the cooling 
medium.  A given number  of a luminum ce l l  f r a m e s ,  with appropr i a t e  
end p l a t e s ,  a r e  s tacked  up and bolted together  to  f o r m  the package 
s t r u c t u r e ,  comple te  with forced  cooling channels  f r o m  end to end. 

One s ide  of the a luminum f rame  is rel ieved to  accept  the mothe r  
T o  one 

A s e r i e s  of small holes  is  milled 
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The daughter  c a r d s  stand f r e e l y  next to the h a r d  anodized su r face  
of the a luminum web. T h e r m a l  l ag  through this  small air space  between 
the board and web has been calculated to be 4°F .  In the a i r b o r n e  com-  
puter ,  where  air is used as the cooling medium,  a 20-degree  t empera -  
t u r e  different ia l  has  been m e a s u r e d  between the f la t -pack c a s e  and the 
air supply inlet .  
no problems have been encountered a t  vibrat ion leve ls  up to  20 g ' s .  F o r  
high vibration r e q u i r e m e n t s ,  a sil icon- rubbe r  tank- t read-  shaped blanket 
which l ays  a c r o s s  the top of the module and wedges the individual daugh- 
ter boards  aga ins t  t he i r  r e spec t ive  webs,  is envisioned. 

The  mass of the individual daughter  c a r d s  is sma l l ;  

F o r  the m e m o r y  units of the HCM 205 compute r ,  the outs ide d imen-  
s ions of the a luminum module frame a re  ident ical  to the Ar i thmet ic  
Module, but the th ickness  v a r i e s  accord ing  to  need. 
cuit  construct ion is a hybrid of in tegra ted  c i r cu i t s  and d i s c r e t e  com- 
ponents. 
flat- glass-package type o r  a r e  packaged i n  s tandard  14-lead f la t  packs 
in dual and quadruple  t r a n s i s t o r  combinat ions.  D i sc re t e  capac i to r s ,  of 
c a s e  s ize  A, a r e  used with the l eads  flattened f o r  e a s i e r  a t tachment .  
Thin-f i lm r e s i s t o r  s u b s t r a t e s  a r e  used extensively in  l ieu  of d i s c r e t e  
r e s i s t o r s .  
soldered to the thin-f i lm r e s i s t o r  s u b s t r a t e s  and potted in  epoxy f o r  
protection. 
ponents is p r e f e r r e d  because  of inspect ion e a s e  and repa i rab i l i ty .  
package often contains two r e s i s t a n c e  s u b s t r a t e s  because  of a wide 
sp read  in  e i the r  r e s i s t a n c e  o r  power va lues ;  e. g . ,  a 60-ohm r e s i s t o r  
is not feas ib le  on a s u b s t r a t e  designed for  1000 to  10, 000 o h m  r e s i s t o r s  
nor  is a 2. 5-watt  r e s i s t o r  compat ible  with low wattage r e s i s t o r s  on a 
s ingle  subs t r a t e .  A r e s i s t a n c e  to l e rance  of one pe rcen t  is m a x i m u m  
f o r  the high power r e s i s t o r s  with the m o r e  c r i t i ca l  e l emen t s  maintained 
to 0. 1 percent .  Of the eight types of thin-film a s s e m b l i e s  built  f o r  this  
computer ,  one has  a m a x i m u m h e a t  d i ss ipa t ion  of 2. 7 wat t s  in  a 0.25- by 
0. 5-inch package a t  a 20" C t e m p e r a t u r e  r i s e .  The  t h e r m a l  r e s i s t a n c e  of 
a n  assembled  board is 1 ° C  pe r  wat t .  

The m e m o r y  c i r -  

All semiconductors  a r e  e i the r  of the hermet ica l ly-  sea led  

In p rac t i ce  the t r a n s i s t o r s  in  f la t  packages a r e  pa ra l l e l -gap  

Pa ra l l e l -gap  so lder ing  of the flat packs and d i s c r e t e  com- 
The  

High-inser t ion-force connec to r s  ( s i x  to eight ounces per  pin) a r e  
T h e s e  a r e  interconnected by h a r d  wir ing used in the computer  base .  

attached by w i r e  wrapping to  the r e a r  of the connector  pins.  
the aluminum module f r a m e s  have no  gaske t  between t h e m  f o r  air cooled 
applications a t  l e s s  than 200, 000 fee t  a l t i tude;  a m a x i m u m  of five pe r -  
cen t  cooling air leakage is r ea l i zed .  F o r  h igher  t e m p e r a t u r e  environ-  
men t s  where  liquid cooling is d e s i r a b l e ,  a gaske t  c a n  be used between 

In  a s s e m b l y  



the module f r a m e s  fo r  absolute  sealing. 
the modules sp read  a p a r t ,  and a cold plate i n se r t ed  between e v e r y  
module pa i r .  Also,  each  module would be vacuum impregnated with 
low-vapor -p res su re  s i l icon wax for  heat  t r a n s f e r  f r o m  the daughter  
boa rds  to the a luminum web. 

Satell i te application would see 

7. Jet Propulsion Laboratory, Pasadena, California 

The Advanced Technology Group a t  J e t  Propuls ion  Labora to ry  
has the function of originating new ideas  and new approaches  to  space-  
c r a f t  e l ec t ron ic s  and pacing the s t a t e  of the a r t .  The  r ecen t  ac t iv i t ies  
include the integrated-  c i r cu i t  s t ick  module with a ha rd -wi re  o r  etched- 
conductor in te rconnec t  s cheme ,  the wirecon module,  high impact  pack- 
aging, m e a s u r e m e n t s  of in te rna l  compress ive  f o r c e s  within potted 
modules ,  interconnect ion technique s tudies ,  e tc .  Work with thick and 
thin-film s u b s t r a t e s ,  f l ip chip,  e tc .  , i s  a l s o  being undertaken. Of 
c o u r s e ,  much of t he i r  conce rn  is related to low production quant i t ies  
and the need f o r  f requent  des ign  changes. 

a. Stick Module 

In  the last couple of y e a r s  J e t  Propuls ion  Labora to ry  has  
invest igated the mul t i layer  board ,  laminated comb,  magnet  w i r e  s t ick  
module,  and molded interconnect  board.  All of t hese  s c h e m e s  have 
sui table  appl icat ion depending on the par t icu lar  product.  
the technique which has a t t rac ted  the m o s t  r e c e n t  attention has been 
the magnet  w i r e  s t i ck  module. 

Of these ,  

1 Y 2  

The  s t i ck  module is  a molded mounting frame which holds 15 inte- 
g ra t ed  c i r c u i t s  ( F i g u r e  4). 
with sui table  lead adap to r s  are  welded o r  reflow so lde red  to contacts .  
The  contacts  a r e  brought out as t e rmina l s  on the back s ide  of the s t ick  
which is a t h e r m a l  set t ing plast ic  (EPIALL)  ( F i g u r e  5). 

The integrated c i r cu i t s  o r  d i s c r e t e  p a r t s  

Interconnecting 

Leonard  Katzen,  COMPLEX INTERCONNECTION O F  F L A T  PACKS 
WITHOUT MULTILAYER BOARDS, Elec t ronic  Packaging and Product ion,  
Vol. 5.,No. 12, December ,  1965, pp. 60-62. 

1 

Jet  P ropu l s ion  Labor  a t o r  y, P a s  ade  nay  Calif o r  nia , PACKAGING 2 

F L A T  PACKS FOR SPACE APPLICATION by Leonard Katzen. 
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wiring is  done by hand with the aid of a pencil-l ike tool which feeds  the 
Formvar-coa ted  magnet  w i re  through the t ip under  constant  tension. 
Edge connectors  a r e  molded into the s t ick c a r r i e r  which plugs d i r e c t l y  
into the mother  boards .  Since the wir ing complexity is handled on the 
s t ick,  the mothe r  board  wir ing is s t r a igh t  through and the re fo re  quite 
simple.  It is  believed that  the volumetr ic  disadvantage of this s y s t e m  
i s  outweighed by i t s  f lexibil i ty and rel iabi l i ty  fo r  a spacec ra f t  packaging 
application. Techniques have a l s o  been developed for  solder ing through 
the insulation of the magnet  w i re  without the need for  s t r ipping.  

Another approach  i s  building a comb- type wir ing  pa t te rn  somewhat  
s imi l a r  to  the Motorola  m i c r o - h a r n e s s .  
laminated c o m b  technique is  intended f o r  l imited production where  
inexpensive reproducibi l i ty  is requi red .  
is used by s e v e r a l  companies  in  var ious f o r m s .  The layout can  be 
prede termined  a s  a n  a r t  work layout o r  a punch tape  cont ro l ,  the neces -  
s a r y  pa t te rns  fo rmed ,  and l a y e r s  build up. When c o r r e c t l y  done t h e r e  
will  be one comb f inger  extending f o r  each  integrated-circui t  f la t  pack 
lead ,  thus simplifying the weld schedules  and connection techniques 
requi red  ( F i g u r e  6).  The  approach  has many of the advantages of the 
mult i layer  pr inted-  c i r cu i t  board Glus the advantages of s e v e r a l  s imple  
visual  inspect ions.  (Other  manufac tu re r s  have made  complete  combs  
and removed the f ingers  which w e r e  not needed. ) The approach  does  
have l imitat ions as  to  the number  of f la t  packs which can  be conveniently 
attached, and t h e r e  i s  the p rob lem of wir ing f r o m  the lead t e r m i n a l s  
to  the next a s sembly .  
nated comb can  be a r r a n g e d  to  have g r e a t e r  spacing than f r o m  the s tan-  
d a r d  f la t  pack thus alleviating to a c e r t a i n  extent the ex te rna l  connection 
problem. 

J e t  Propuls iop  Labora to ry ' s  

The laminated comb technique 

However ,  the input/output l eads  f r o m  the lami- 

b. Wirecon Module 

Th i s  i s  a cordwood-type module developed f o r  low quantity 
usage  of d i s c r e t e  pa r t s .  
c i rcu i t  board and thereby  m a k e s  i t  possible  to  in spec t  a l l  jo ints .  
d i f fe rs  f r o m  cordwood in that  a l l  of the connecting b e a m  leads  r u n  in 
the same  d i rec t ion  feeding through a plast ic  heade r  to  s e r v e  as  pins on 
a plug or as  wir ing t e r m i n a l s .  The n e c e s s a r y  c r o s s o v e r  in te rconnec ts  
a r e  included i n  the bas ic  module.  
It i s  considered sui table  f o r  in tegra ted  c i r cu i t s  because  of the re la t ive ly  
low density.  

It e l imina te s  the need fo r  a mul t i layer  pr inted-  
It 

The en t i r e  module is potted in epoxy. 

Normally 24 to 2 8  pins a r e  accommodated  for  each  module. 
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c. Molded Interconnect  Board 

The  development of this  technique was  ini t ia l ly  s t a r t ed  by 
Elec t ronics  Engineer ing Company. 
l ike pat tern on a shee t  of s t a in l e s s  s t ee l ,  nickel,  o r  o ther  m e t a l s  
(F igure  7).  
welded. 
The plate is then machined away f r o m  the plast ic  unti l  only pads a r e  
left  embedded in  the plast ic .  
interconnected pads ( F i g u r e  8). 
soldered to the pads. 
nections can  be made in  the s a m e  manner  as the pads.  
and etched f inge r s  can  be the full thickness  of the board i f  s o  des i r ed .  
I t  is a l so  relat ively e a s y  to include hea t  s inks  o r  a mounting f r a m e  i n  
the molded a s s e m b l y  as a n  in tegra l  p a r t  of the in te rconnec t  board .  
approach  i s  quite in te res t ing  fo r  low quantity production and cheaper  
than a mult i layer  board.  However ,  t h e r e  is a c r o s s o v e r  between the 
two techniques as production quant i t ies  go up. 

It cons i s t s  of machining a waffle- 

Magnet w i r e  is then routed f r o m  the pads thus c rea t ed  and 
The  en t i r e  block is then potted on the w i r e  s ide  of the plate.  

Thus the re  r e m a i n s  a plast ic  block with 
The  p a r t s  a re  then welded o r  ref low 

Etched f inge r s  on the board fo r  ex te rna l  con- 
All of the pads 

Th i s  

d .  Mar ine r  C 

One of the packaging object ives  investigated for  the M a r i n e r  
C w a s  to e l iminate  conventional wiring. 
ment  of a two- sided pr inted-  c i r cu i t  board which is approximate ly  25 
inches in d i a m e t e r  (octagon shape,  approximate ly  10 inches on the s ide) .  
All plated-through holes  a r e  redundant to avoid fi l l ing t h e m  with so lde r .  
This  makes  a weight difference of one pound. The  subst i tut ion of this  
printed- c i r cu i t  board f o r  conventional wir ing reduced  the weight f r o m  
10 to Z3/4 pounds. Another f ea tu re  of this  packaging was  the m e a n s  of 
bringing the w i r e s  f r o m  the connector  board to the r igh t  angle connec tors .  
This  was done in such  a manner  as to p e r m i t  v i sua l  inspect ion of e v e r y  
joint. 
necting wi re s  and rep lac ing  them. 

Th i s  w a s  done by the develop- 

It is a l s o  possible  to r ep lace  connec tors  by cutt ing out the con- 

One of the e l ec t r i ca l  difficult ies was  2400-Hertz square-wave s ig-  
nals  leaking into other  c i r cu i t s .  Isolat ion w a s  es tab l i shed  by s t a r t i ng  
i n  the center  of the octagon i n  a c i r c u l a r  pa t t e rn  with the most s e v e r e  
noise sou rce  (2400 Her t z )  followed by the 400-Hertz s igna l s ,  e tc .  
f ina l  design,  95 percent  of the c i r c u i t s  had  l e s s  no ise  than the cable  
vers ion ,  and the remain ing  five pe rcen t  w e r e  still acceptab le .  Some 
ground plane l ines  and s o m e  t ranspos ing  of power l i nes  (equivalent  to  
twisting leads)  w e r e  a l s o  used.  Power  w a s  plugged in one end of the 
board and the s ignals  in  the o ther  end. 

In the 
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e. Other  Investigations 

The  Advanced Technology Group is Also investigating the 
p r e s s u r e  exe r t ed  on p a r t s  in  the potted module.  
than 3000 pounds pe r  s q u a r e  inch have been observed  a t  -40°C  i n  
unfilled Stycast  1090. 
together  with a microbal loon f i l l e r  in  the Stycast  1090 reduced p r e s s u r e s  
to 300 to  400 pounds per  s q u a r e  inch at -40°C .  Instrumentat ion develop- 
ment  and f u r t h e r  invest igat ion a re  continuing. 

P r e s s u r e s  g r e a t e r  

The u s e  of an  R T V  coating on the components  

Another area of i n t e r e s t  i s  the problems imposed  by s te r i l i za t ion  
at 300°F.  
module indicated that  i t  could to le ra te  -100" to  3 0 0 ° F  without degrada-  
tion. This  exper iment  was  done by bringing out e v e r y  node on the c i r -  
cui t  t o  p e r m i t  m e a s u r e m e n t s  on each  par t  of the c i r cu i t  as well  as  to  
enable i t s  operat ion as a total  f l ip  flop, Another p rob lem i s  that of high 
voltage s t r e s s e s .  
dental  f a i lu re s  of equipment in  the 65 ,000-  to  310, 000-foot range  r e su l t -  
ing i n  corona  and damage  t o  o ther  par t s .  
potting around t r a n s f o r m e r s  which p e r m i t  corona ,  and f o a m  compounds 
emitt ing gas  in  c r i t i ca l  regions.  
spacec ra f t  life a t  10, 000 volts d i r e c t  cu r ren t .  
s ion Labora to ry  is construct ing a f ive - s to ry  chamber  that is to  be 
capable of a p r e s s u r e  of 

One study involving a fixed t r a n s i s t o r  f l ip  flop on a 28-pin 

It has  been repor ted  that  t h e r e  h a s  been m a n y  acc i -  

P r o b l e m s  include voids in 

The  objective is to  mee t  a f ive-year  
T o  this  end J e t  Propul -  

mi l l ime te r s  of Hg a t  - 2 4 0 ° F .  

O the r  s tudies  under way include development of weld and so lde r  
techniques and schedules  for  va r ious  types of metals and insulated wire .  

8. Ling-Temco-Vought Electrosystems, Incorporated, 

Garland, Texas 

Ling- Temco-  Vought (LTV)  E lec t rosys t ems  , Incorpora ted ,  
des igns  and cons t ruc t s  e lec t ronic  devices  f r o m  the leve l  of s u b s y s t e m s  
to  total  s y s t e m s  fo r  a i r c r a f t ,  mi s s i l e ,  and manned spacec ra f t  applica- 
tions. Both analog s y s t e m s  and low frequency (20 kHz) digi ta l  s y s t e m s  
a r e  r ep resen ted .  
s t ruc t ion  with flow so lder ing  a t tachment  of d i s c r e t e  components.  How- 
e v e r ,  they have not r e s t r i c t e d  the i r  designs to this  p r e m i s e ,  having 
used  many  and var ied  techniques as requi red  by the i r  applications.  

L T V  p r e f e r s  the planar pr in ted-c i rcu i t  board con- 

a. P l a n a r  Modules 

A number  of innovations h a s  been devised in  the use  of 
pr inted-  circ.uit boa rds  to  achieve some d e g r e e  of vo lumetr ic  efficiency. 
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One of these  is a n  a s s e m b l y  of facing p lanar  boards  which i s  intercon-  
nected a t  the top edge by flexible f l a t  cable  l inks.  
laying f l a t  ( s ide  by s ide)  then folded and so ldered  into a mothe r  board  
o r  to  a module header .  Board s i z e s  r ange  f r o m  three- four ths  by one 
inch up to one by two inches.  
t h r e e  boards  a r e  used,  e i ther  s ide  by s ide  o r  fo r  t h r e e  boa rds  in  a n  
inverted channel configuration. 
of rec tangular ,  opaque, f iberg lass  tubing as  a f o r m e r  which butts aga ins t  
the header  and is filled with potting compound to  the top: 
ma te r i a l  f o r m s  the top of the module.  
be throw away i t ems .  

The  boa rds  a r e  wired  

In the module application, two and often 
. 

Such modules a r e  potted using a length 

the potting 
Such modules  a r e  cons idered  to  

Another design,  using planar  pr inted-  c i r cu i t  boa rds ,  is  p re sen t ly  
i n  the l a t t e r  s t ages  of development.  
para l le l  boards ,  approximate ly  four by five inches i n  s i z e  and spaced  
'/16 inch apa r t .  The  '/16-inch-thick c e n t e r  panel which contains  the bas ic  
interconnect  s cheme  extends beyond the two outer  boa rds  along the s ides  
and a t  the bottom: the s ide  extentions s l i p  into guides in  the package and 
the bottom extention s e r v e s  as a pr in ted-c i rcu i t  plug. 
components and integrated-circui t  f la t  packs  can  be mounted on the out- 
s ide  of the 1/32-inch outer  boa rds .  , T h e  t h r e e  boa rds  a r e  interconnected 
by shor t  lengths of w i r e  s e t  in notches around the s ides  and top of the 
boards and so ldered  in  place.  
modules a r e  mounted in  a c a s t  a luminum housing having a screwdown 
l id  with a r ad io  frequency gasket .  Spring-loaded c a r d  s lo ts  a r e  used 
t o  maintain the c a r d  modules  l a t e ra l ly  and a p las t ic  handle i n  the top of 
each  board e x e r t s  the n e c e s s a r y  downward p r e s s u r e  with the l id in  place 
to  contain the module ver t ical ly .  The  unit, having only a five g vibrat ion 
requi rement ,  has  been successfu l ly  tes ted  to 10 g ' s .  Conventional h a r d  
wir ing provides  the interconnect ions between Hughes '  86-pin pr int-  pin- 
t e rmina l  module connec tors  and the input /output  connec tors .  

Th i s  is a n  open module of t h ree  

Both d i s c r e t e  

In the developmental  s y s t e m ,  30 of these  

b. Welded Modules 

The des igne r s  a t  LTV d o  not favor  mul t i layer  printed- 
c i rcu i t  boards  and cordwood modules  and have not used  t h e m  except  
when forced to  d o  s o  by the des ign  r equ i r emen t s .  
wood module i s  re jec ted  due to  pas t  expe r i ence  with in t e rna l  joints  
becoming unsoldered during the so lder ing  of ex te rna l  module leads .  
an  a l te rna te  t o  cordwood cons t ruc t ion ,  p e r  s e ,  they have used the 
technique of welding d i s c r e t e  components  in  a n  open p lanar  configurat ion 
and assembl ing  th rec  such  welded l a y e r s  s ide  by s ide  (ver t ica l ly)  with 
thc intchrconnr.cts between the l a y e r s  being made  a c r o s s  the top edges.  
Tooling c a r d s ,  having pr intcd wir ing  pa t t e rns ,  a r e  used to hold the 
componcsnts of cach l aye r  dur ing  the welding opera t ion .  All wc31ds a r e  

T h e  so lde red  cord-  

AS 

38 



of the c r o s s - w i r e  type p e r f o r m e d  by opposed- e lec t rode  welding. 
end platens hold the l a y e r s  i n  c o r r e c t  re la t ionship dur ing  interconnect ion 
and potting. 

Thin- 

c .  Weld Tes t ing  P rocedures3  

LTV E l e c t r o s y s t e m ' s  i n t e re s t  i n  and extensive use  of 
c r o s s - w i r e  welds i n  the i r  construct ion work has r e su l t ed  in  a supe r io r  
method ( f lexure  tes t ing)  f o r  tes t ing the s t r eng th  of such  welds .  F l e x u r e  
tes t ing is capable  of detect ing the ductility of the w i r e s  in  the weld a r e a  
as well  as the tens i le  s t r eng th  of the welded jo in t ;  the m o r e  conventional 
pull t e s t  is used to  de t e rmine  tens i le  s t r a in  only. 
machine was  developed i n  conjunction with this  new t e s t  method. 
conventional c r o s s - w i r e  tes t -weld configuration is  used ,  with one of 
the w i r e s  being held f i r m l y  i n  place while the other  is moved back and 
for th  (p lanar ly)  45 d e g r e e s  in  each  d i rec t ion  with r e s p e c t  to the fixed 
wire .  
when plotted yield a dis t inct ive peak i n  the t e s t  cu rve  as against  the 
usua l  flat cu rve  resu l t ing  f r o m  conventional pull s t r eng th  t e s t s .  

A prototype tes t ing 
A 

F a i l u r e  c r i t e r i a  is the number  of cyc les  to  fa i lure .  The r e s u l t s  

d. Integrated Ci rcu i t  Modules I 
LTV p r e f e r s  the f la t  pack to  the TO-5  can  for  the following I r e a s o n s :  

1) 

2 )  

3 )  

TO-5 cans  general ly  r e q u i r e  mul t i layer  boa rds  i f  
compact  designs a r e  to  be rea l ized  
Flat packs can  more  readi ly  be para l le l -gap  so ldered  
to the board 
Both s ides  of the board can be uti l ized for  f la t  pack 
mounting . 

Severa l  jobs in  the pas t  have requi red  the para l le l -gap  welding of f la t  
pack l e a d s  to  both nickel- and kovar-clad boards :  
found to  be expensive and h a r d  to  control. 

i n  gene ra l ,  i t  was  

e. Interconnect ions 

Both welding and solder ing have been used by LTV in  the i r  
des igns ,  s o m e t i m e s  in  the s a m e  unit. One of the pr incipal  

WELD FLEXURE TESTING, SUCCESSOR TO METALLURGICAL 3 

ANALYSIS by John Saul, SAE-WEPA Conference,  New York, New York,  
Oc tobe r  27-  28, 1964. 
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considerat ions in the select ion of a n  interconnection method is field 
r epa i r .  This company f e e l s  that  solder ing is  m o r e  t r ac t ab le  i n  this  
regard  and m o r e  control lable  a t  the p rocess  level.  
is  tempered  by the environmental  l imitat ions on so lde r  bonds,  e. g . ,  
the degradat ion of so lde r  s t rength  i n  high t e m p e r a t u r e  applications.  
Gold plating of boa rds  and leads  was found to be unsa t i s fac tory  and the 
preference  is f o r  flow-solder tinning of the boa rds  and pretinned com-  
ponent leads .  A r a t h e r  in te res t ing  adjunct t o  the gene ra l  subject  is the 
use of nickel  r ibbon fo r  in te r fac ia l  wi r ing  which allows so lder ing  a j o i n t  
before a n  adjacent  joint  unsolders  due to the t h e r m a l  r e s i s t a n c e  of the 
nickel. 

The i r  p re fe rence  

Connectors ,  in te rna l  to  the black box, a r e  disliked. The p r e f e r e n c e  
is the d i r e c t  so lder ing  of modules  and daughter  boa rds  to  the mothe r  
boards  and the interconnect ion of boa rds  and input /output  connec tors  
with hard wiring. 
board f r o m  a package f o r  inspect ion and serv ic ing .  
a r e  laced and fastened to  the board to r e l i eve  s t r a i n  on the so ldered  
points. 
c r imped once to  the insulat ion of the w i r e  and again to  the s t r a n d s  of the 
w i r e ;  this t e rmina l  is then so ldered  into a plated-through hole i n  the 
board.  One s y s t e m ,  using the desc r ibed  te rmina t ion  technique, has a 
cen t r a l  wi r ing  trough which s e r v e d  20 boa rds  via branch  cab le s  that 
w e r e  routed down channels  i n  the c a s e  s ide  (ad jacent  to the board  s lo t s )  
t o  the bottom of the boards .  
pad on the bot tom of the c a s e  and w e r e  p r e s s u r e d  into i t  by a l adde r -  
type sub lid a t  the top. 
phase  for new sys t ems .  

Cable loops a r e  used  to p e r m i t  the withdrawal  of a 
These  cable  loops 

Some boards  make  u s e  of a c r i m p - t y p e  t e rmina l  which is 

The boa rds  r e s t e d  on a rubbe r  c o m p r e s s i o n  

P r in t ed  cabling is c u r r e n t l y  i n  the pre-product ion  

f .  Pot t ing Compounds 

LTV h a s  s tandard ized  on t h r e e  m a t e r i a l s  fo r  the i r  module 
potting: Scotchcast  241, u re thane  f o a m  of 18- pound dens i ty ,  and boron- 
ni t r ide-f i l led epoxy for  high hea t  conduction. They  u s e  conformal  coat-  
ings on their  p r in ted-c i rcu i t  board a s s e m b l i e s  p r i m a r i l y  to pro tec t  
aga ins t  in te rmedia te  handling s ince  m o s t  such  a s s e m b l i e s  a r e  put into 
hermet ica l ly  sea led  packages.  
t o  e l iminate  the breakage  of o therwise  unsupported component  l eads  in 
vibration environments .  
small amounts of potting m a t e r i a l  in s t r a t e g i c  p laces .  An al l ied i t e m  
to the genera l  ca tegory  of potting is the u s e  of a c a s t  a luminum f r a m e  
within a potted 16-watt  s e r v o  ampl i f i e r  module to  which w e r e  mounted 
the power t r a n s i s t o r s .  This  module,  which used  s u b a s s e m b l i e s  of the 
welded planar l a y e r s  of d i s c r e t e  components  prev ious ly  d e s c r i b e d ,  was  
potted as  a n  entity. 

Spot potting h a s  been  used effectively 

This  is e s sen t i a l ly  a technique of daubbing 
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9. Maior West Coast Manufacturer 

a. Cordwood Module 

P a s t  packaging ac t iv i t ies  a t  this  company w e r e  concentrated 
on a cordwood type of module using a c r o s s  w i r e  gr id  ma t r ix .  
believed that  the welding of a point con tac t - c ros s  w i r e  could be achieved 
m o r e  re l iab ly  than welding a round wire  to  a r ibbon connector .  
of 17- o r  25-mil  round nickel  w i re  were  built  up i n t e r s p e r s e d  with myla r  
film. Unneeded g r ids  w e r e  cut  out and the en t i r e  module (approximate ly  
13/16 by z3/4 by 5/16 inches)  was encapsulated in Stycast  1090. This  techni- 
que was  used  for  building up four  l aye r s  of in te rconnec ts  s i m i l a r  in func- 
tion to  a pr in ted-c i rcu i t  board.  
to  24 pounds. 

I t  was 

L a y e r s  

Pu l l  s t rengths  achieved w e r e  f r o m  18 

Appropr ia te  gr id  w i r e s  w e r e  extended beyond the potting to  s e r v e  
as pins f o r  connecting to the mothe r  board. The l eads  f r o m  the c i r -  
cu i t ry  i n  the 8- by 8- inch epoxy f i b e r  g l a s s  mothe r  board a r e  turned 
out a t  r i gh t  angles  a t  app ropr i a t e  posit ions throughout the boards  and 
holes  d r i l l ed  adjacent  to  the leads  so that the modules could be plugged 
in. The module pins are  then adjacent  tothe r ight  angle mother  board 
c i r c u i t r y ,  and wi re  w r a p  is used for the connection. 
high dens i ty  a s s e m b l y  with field rep laceable  modules.  
are  then bolted to the basic  c h a s s i s .  
board a r e  f r o m  a t e r m i n a l  s t r i p  to a n  ex te rna l  h a r n e s s  in conventional 
wi r ing  outs ide the complete  package. 

This  p e r m i t s  a 
The mother  boards  

Ex te rna l  connections to the mother  

Some problems w e r e  encountered with bending the tab  f r o m  the 
mother  board  to a r ight  angle position, s o  a n  a l t e rna te  approach  was 
developed consis t ing of punching somewhat l a r g e r  holes  through the 
mothe r  board  and e lec t rochemica l ly  forming an  extended eyelet  through 
the board .  
cu i t ry  i n  the board,  and the lead  f r o m  the module would be passed  
through the eyelet .  An extended portion of the eyelet  with the module 
pin in s ide  could be welded with opposed e lec t rode  techniques.  

The eye le t  would then make contact  with the d e s i r e d  c i r -  

b. F u t u r e  P lans  

Through a reorganizat ion of a s s ignmen t s  in the es tab l i sh-  
men t  of a n  e lec t ronic  packaging depar tment ,  this  company i s  planning 
a m a j o r  s t e p  forward  in  packaging techniques by skipping the c u r r e n t  
p lanar  a s s e m b l i e s  and going d i rec t ly ,  a t  l ea s t ,  to hybrid chip packaging. 
The planned approach  is to u s e  masks to  se lec t ive ly  deposi t  thin-f i lm 
in te rconnec t ing  c i r cu i t s  and thin-film pass ive  p a r t s .  
a l s o  mount  s o m e  d i s c r e t e  act ive par t s .  
t h in . f i lm  approach  is m o r e  re l iab le  than etched c i r cu i t s .  The en t i r e  

The subs t r a t e  will  
This  company bel ieves  that the 
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package m a y  be i n  the f o r m  of a 32-lead flat  pack with s i z e s  varying 
f r o m  one-fourth by one-half inch  to one by one inch. Etched c i r cu i t s  
will  be avoided. 
of the s i z e  to  accommodate  10 o r  m o r e  integrated c i r cu i t  type chips .  

The base  will  be a n  aluminum-oxide c e r a m i c  m a t e r i a l  

c .  Pot t ing Studies 

A par t icu lar  p rob lem of conce rn  to this company i s  the 
lack  of un i fo rm densi ty  achieved with c e r t a i n  types of potting techniques.  
F o r  example,  Stycast  1090 with sphe r i ca l  f i l l e r  cu red  under  inadequately 
controlled conditions c a n  r e su l t  i n  densi ty  var ia t ions f r o m  0. 85  to  1. 5 
resul t ing in  significantly different  exothermic  s t r e s s e s  which can  c r a c k  
a g l a s s  package. If the module to be potted i s  in  a nonuniform environ-  
men t  resu l t ing  in  p a r t  of the compound becoming too hot,  the potting 
compound w i l l  be ex t r eme ly  viscous and s o m e  s p h e r e s  will float while 
the broken ones s ink to the bot tom leaving the cen te r  with none of the 
f i l l e r .  This  r e s u l t s  in  the densi ty  d i f fe rences  mentioned. T h e s e  
problems can r e su l t  f r o m  imprope r ly  designed molds  o r  a poor oven. 

10. Motorola Aerospace Corporation, Phoenix, Arizona 

Severa l  p ro jec ts  w e r e  d i scussed  such  as  M a r i n e r ,  Arod,  and 
E lec t ron ic  packaging personnel  have been and a re  engaged APOLLO. 

in  s e v e r a l  in te res t ing  developments  fo r  s y s t e m  and s u b s y s t e m  e lec-  
t ron ics .  In addition, t he re  is a c e n t r a l  mechanica l  engineer ing divis ion 
that supports  the packaging engineer  on bas ic  p rob lems  such  as t h e r m a l  
dynamics,  interconnect ions,  encapsulat ion,  and c a s e  s t r u c t u r a l  des igns .  

a. Packaging for  Spacecraf t  Applications 

Requi rements  for  such  envi ronments  a r e ,  of c o u r s e ,  high 
reliabil i ty,  high component densi ty  and low weight,  complex c i r cu i t  
interconnect ions,  and s e v e r e  environmental  s t r e s s .  The  approach  con- 
s i s ted  of using a cordwood like module with welded r ibbon in te rconnec ts  
and ar ranging  the modules on opposing printed- c i r cu i t  boa rds  such  that  
the modules f r o m  the opposite boa rds  will  in te r leave  as  the printed- 
c i r cu i t  b o a r d s  a r e  c losed as leaves  in  a book. 
out to one edge. 
activity through the J e t  Propuls ion  Labora to ry  ( F i g u r e  9).  

The  board  wir ing  goes 
These  developments  a r e  bas ica l ly  NASA- sponsored  

The modules  o r  building blocks used  a r e  those  such  as a r e  shown 
in F igu res  10, 11 ,  and 12. 
tes ted before a s sembly  to  the mothe r  board .  
w e r e  selected and module s i z e s  w e r e  maintained i n  specif ic  i nc remen t s  
so  that all modules  would be compatible  with a given bas i c  gr id  f o r m  thus 
permit t ing max imum density.  A s m a l l  s t e p  is molded on the bot tom of 
the module which p e r m i t s  visual  inspec t ion  of the module s ide  of the 

Each  one is a n  e l ec t r i ca l  ent i ty  and can  be 
Uni form pin spac ings  

42 



4 3  



c9 

44 



@? 
I 

4 5  

Q) 
Fc 
5 
M 

.r( 

b( 



I 

4 6  



so lder  joint  and faci l i ta tes  r emova l  of the module' fo r  maintenance.  
abil i ty to inspect  the so lde r  joints  is fur ther  enhanced by the a l t e rna te  
spacing of the modules  to provide fo r  the nesting of modules  on each  of 
the two boards  when they a r e  placed back to  back. 
ing a l s o  provides  ex t r a  space  on the pr inted-circui t  boa rds  for  the 
pr in ted-c i rcu i t  wiring. 
with the nesting technique to  have four  l aye r s  of pr in ted-c i rcu i t  wir ing 
f o r  interconnecting, plus the e x t r a  board a r e a  a t  vir tual ly  no loss  i n  
total  p a r t s  density.  Modules are  flow so ldered  to  the mothe r  board.  

The  

This  a l te rna te  spac-  

By using double s ided boa rds ,  i t  is  then possible  

S t ruc tura l  r igidi ty  is  achieved by putting contact adhesive 09 the tops 
of e a c h  module on the board a r e a  between the module. Then when the 
two a s s e m b l i e s  a r e  nested they f o r m  a r igid t r u s s  similar to a honey- 
comb panel. The adhesive used was a methyl  polysiloxane developed 
f o r  a high adhes ive  s t r eng th  without sacr i f ic ing high t e m p e r a t u r e  o r  
e l ec t r i ca l  p rope r t i e s  of s tandard  sil icones.  The adhesive has a tem-  
p e r a t u r e  range  of -100" to 500"F,  provides  a rigid bond under  vibrat ion 
but can  be sepa ra t ed  for  maintenance with sustained p r e s s u r e ,  and c a n  
be scavenged by using a ball  of the adhesive m a t e r i a l  similar to r emov-  
ing rubbe r  cement .  

The  wiring f r o m  each  pr inted-circui t  board of the "book" a s sembly  
is  brought  through a r ight  angle and potted to  the back of a conventional 
connector .  

Epoxy used fo r  potting modules  uti l izes a m i c r o s p h e r e  f i l l e r  which 
gives  a specif ic  grav i ty  c lose  to water .  
dif ferent  types of packages include a t r anspa ren t  s e a l  guard fo r  a hybrid 
board  module to  faci l i ta te  visual  a c c e s s  fo r  r epa i r .  

Other  techniques used in  

Motorola  has a l s o  found i t  quite advantageous to make  se r ious  
computer ized  s tudies  of the t h e r m a l  problems i n  modules .  
c a l  r e s u l t s  have compared  quite favorably with empi r i ca l  findings f r o m  
the cons t ruc ted  modules.  

The theoret i -  

b. M i c r o - H a r n e s s  

Another development at Motorola  has  been that of the 
M i c r o - H a r n e s s  o r  high densi ty  packaging of integrated c i r cu i t s  in  flat 
.packs.  
packs ,  i. e . ,  10 to  14 l eads ,  and can a l s o  accommodate  some  d i s c r e t e  
p a r t s .  
with the  packaging s y s t e m  descr ibed  above. F i g u r e  1 2  shows a hybrid 
module  constructed along these  techniques. The  b a s i s  fo r  this s t r u c t u r e  
is a n  etched c i r cu i t  (Mic ro -Harness )  made  up  of f r o m  th ree  to six l a y e r s  
of a s ingle-s ided  etched myla r .  
mil kova r  on 50-mi l  cen te r s .  

P r e s e n t  techniques can  handle any of the c u r r e n t  types of flat  

The modules  resul t ing f r o m  these  techniques a r e  compatible  

A basic  gr id  work is formed of t\\ro- 
The conductors  extend beyond the 
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insulating film similar in  appea rance  to  the l eads  on a f la t  pack. The  
l aye r s  of c i r cu i t  a r e  then placed in a U-channel with the d e s i r e d  con- 
duc tors  extending beyond the edges of the channel ( F i g u r e  13). 
integrated c i r cu i t s  are  then placed in  the U-channel on top of the Micro-  
Harness  l a y e r s  and the integrated c i r cu i t  l eads  can  be  welded d i r ec t ly  
to  the appropr ia te  protruding conductors  f r o m  the Mic ro -Harness .  Two 
of the channels  a r e  placed back to back and can  be interconnected with 
jumpers .  Opposed e lec t rode  welding i s  done uti l izing the advantage of 
one type of m a t e r i a l  thus s implifying the weld s ta t ion setup. Ex te rna l  
connections can  be pins o r  a connector  as des i r ed ,  and the des ign  
includes provis ion f o r  the u s e  of a T-shaped  heat  s ink between the two 
back- to- back channels  and a t  the i r  base .  
module c a n  accommodate  twenty 10-lead f la t  packs o r  four teen  14-lead 
packs.  
l aye r  c i r cu i t ry  while e l iminat ing the disadvantage of blind connections.  
In this  type of construct ion e v e r y  connection is  vis ible  and c a n  be 
inspected. 

The  

The  comple te  two- channel 

Motorola c l a ims  this  technique gives  the advantage of mult i -  

A fu r the r  technique developed by Motorola  provides  a convenient 
method f o r  c lamping the integrated c i r cu i t  packages to  the l a y e r s  of 
Mic ro -Harness  for  a p r e t e s t  before  actual ly  welding them. While th i s  
packaging technique does  not ach ieve  m a x i m u m  dens i ty  i t  does  r e a c h  
a relat ively high densi ty  and i s  compara t ive ly  inexpensive with r e s p e c t  
t o  other modular  approaches  fo r  "one- of-a-kind" modules .  F u r t h e r ,  
production of the Mic ro -Harness  is  less expensive and l e s s  demanding 
with r e spec t  to  to le rances  than the conventional mul t i layer  pr inted-  
c i r c u i t  boards.  

c .  Radio F requency  Modules 

Motorola  h a s  a l s o  developed a unique technique f o r  pack- 
aging rad io  frequency c i r cu i t s .  This  cons t ruc t ion  i s  somewhat  similar 
to a cordwood type and is in  a n  ex te rna l  modu la r  f o r m  compatible  with 
the modules d i scussed  above. 
shown i n  F i g u r e  14. 
cover .  
plane. 
holes  to br ing out a pin f r o m  the c i r cu i t .  A s i lver-f i l led epoxy is  used 
to bond the cover  to the base .  P e r h a p s  the m o s t  unique f ea tu re  of this  
a s sembly  is  the use  of a " d r y  fluid" f o r  the potting agent  of the module.  
Th i s  potting agent which pours  l ike wa te r  cons i s t s  of 30 to  300-mic ron  
s p h e r e s  with a molecular  coating of uncured  epoxy on each  one. It h a s  
been especial ly  designed fo r  corona  suppres s ion .  
f i l led with the epoxy, tes ted  and adjusted f o r  c i r c u i t  pe r fo rmance .  
the module is completely tes ted and r e a d y  f o r  r e l e a s e ,  hea t  is applied 

One example  of this  type of module is 
The a luminum base  is  channeled to  r ece ive  the 

The  base  is a l s o  covered  with a l a y e r  of copper  for  a ground 
The copper  is etched away only w h e r e  i t  is  n e c e s s a r y  to d r i l l  

T h e  module can  be 
Af te r  
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to  the unit which c u r e s  the epoxy making a solid potted module.  Since 
each  module is  different ,  the  s t ra ightforward technique of hand wir ing  
and solder ing is  used f o r  the interconnect ions a t  the*end of the p a r t s  as 
m a y  be noticed in  F i g u r e  14. 

Another typical packaging s c h e m e  by Motorola  is exemplified by 
This  i s  con- the d i s c r e t e  p a r t  r ad io  f requency  t ransponder  package. 

s t ruc ted  on a pr in ted-c i rcu i t  layout oriented to  a dip- brazed  module 
f r a m e .  The  frame is t in plated and dipped in  hot  oil  t o  pro tec t  i t  f r o m  
f ingerpr in ts .  
c i r cu i t  board serv ing  as board anchors  and a ground d is t r ibu t ion  to  the 
c h a s s i s  ground, and helping hea t  conduction. The des ign  p e r m i t s  a n  
in te rmixing  of unencapsulated cordwood modules  and bas ica l ly  is  hand 
soldered.  
a s i lk-  s c reened  epoxy- so lde r  r e s i s t  to prevent  so lde r  bleed over .  

Ci rcu i t  a r e a s  a r e  partitioned with l eads  f r o m  the printed- 

The ground plane of the pr in ted-c i rcu i t  board is coated with 

The en t i r e  unit is foamed with six-pound dens i ty  NOPC08206 rigid 
potting compound. 
dens i ty  thus avoiding var ia t ions  in  c i r cu i t  c h a r a c t e r i s t i c s .  This  is  
accomplished by using a d i spe r s ion  plate and f r e e  foaming. 
pad is applied which p e r m i t s  the ground pins and the f r a m e  edge to 
pro t rude  above the potted region. 
to  coa t  the e n t i r e  top su r face  of the potted module including the f r a m e ,  
pins,  and par t i t ions.  The  resu l t ing  l a r g e r  modules  can  be s tacked and 
bolted to  a base  i n  two r o w s  including a c o m p r e s s e d  vibrat ion pad. 
a s sembled  modules  a re  then interwired point- to- point and h a r n e s s  
brought out. 
f o r  the bas i c  module a s s e m b l y  saves one-fourth of the a s sembly  t ime 
ove r  point- to-point wir ing and el iminates  the m i s t a k e s  common  to 
hand wir ing.  

One of the problems is to achieve a uni form foam 

A rubbe r  

An epoxy conductive paint is used 

The 

I t  is r epor t ed  that  the use of a pr inted c i r cu i t  approach  

d.  TO-5  Can Assembl i e s  

A var ia t ion  of the book-type cons t ruc t ion  was  based on the 
u s e  of TO-5  cans  where  68  units could be placed on e a c h  board.  
layout a l s o  provides  for  including d i sc re t e  pa r t s .  
boa rds  a r e  mounted i n  a d i e -cas t  f r ame .  

The 
The  pr in ted-c i rcu i t  

e. Connection Techniques 

Cons iderable  investigation h a s  been conducted in develop- 
ing d i f fe ren t  techniques of wir ing f r o m  the pr in ted-c i rcu i t  board to the 
e x t e r n a l  connection of the book-type package. 
of f lex ib le  w i r e  f r o m  the boa rds  to connectors  (as  many as six 37-pin 
connec to r s ) ,  the use  of prewired  connectors ,  and the u s e  of edge-type 

This  has  included the u s e  
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connectors .  
s t r ipping the w i r e s  as needed and using a guide plate to hold t h e m  in  
place while the back of the connectors  and the wi re  format ion  is  potted. 
The  wi re s  a r e  connected to  the pr in ted-c i rcu i t  board  by wave solder ing 
and the cables  on the bottom of the board  a r e  encapsulated in RTV. 
Silicon f lex  cable  is a l s o  used for  joining two boards  where  the donut 
shaped connection points i n  the boards  a r e  s taggered  to p e r m i t  15-mi l  
cen ters .  A s h o r t  p re fo rmed  cable  can  be dropped i n  the cen te r  of a 
double-s ize  board ,  wave so ldered  in  place,  and the  board  cut i n  two 
and folded together .  In genera l ,  the preference  is  for  opposing- 
e lectrode welding r a t h e r  than parallel-gap welding o r  solder ing.  
w i r e  welding s e e m s  to  be working out sa t i s fac tor i ly .  

A technique fo r  using prewired  connec tors  cons i s t s  of 

C r o s s -  

11 .  NASA - Goddard Space F l ight  Center, Greenbelt, Maryland 

One pro jec t  office was  se lec ted  fo r  a vis i t  to  provide a rev iew 
of an  example of sa te l l i t e  packaging. It is recognized that the var ious  
satel l i tes  have the i r  own packaging s c h e m e s  and any  one is  not neces-  
s a r i l y  typical,  but i t  m a y  s e r v e  as  a n  example  of one method which h a s  
proven successfu l .  The bas ic  d i r ec t ion  fo r  the par t icu lar  example  
chosen was fixed as  much  as  four  o r  f ive  y e a r s  ago so  a l a r g e  port ion 
of the packaging cannot be cons idered  the s t a t e  of the a r t ,  but i t  i s ,  
never the less ,  proven. Also the approach  has not necessa r i ly  been 
f rozen ,  for s tud ies  have continued fo r  changing, improving ,  and updat- 
ing the techniques in  use.  

a. Module Construct ion 

Onc of the m o r e  o r  l e s s  s t anda rd  techniques is  to  use  
welded modulcs  s i m i l a r  to cordwood. 
percent  coppe r ,  20-percent  nickel ,  0. 020-inch d i a m e t e r  round w i r e  is 
used for the in te rconnec ts ,  insulated by l a y e r s  of m y l a r .  
withstand 17 pounds tensi le  s t rength  and the welds  t e s t  to  14 pounds. 
Thc mylar  is 0. 004  inch thick. 
up in  seve ra l  l a y e r s  of interconnect ing w i r e s  and m y l a r  as needed. 
T h r e e  submodules measu r ing  one by two by th ree - fou r ths  of a n  inch 
a r e  mounted together  to  one module interconnect .  
a r e  then mounted to the pr in ted-c i rcu i t  board .  Modules a r e  confo rma l  
coated with a modified epoxy d ip  o r  by brushing  a thin l aye r  of low s u r -  
face tension epoxy. In this  par t icu lar  appl icat ion,  decontaminat ion f o r  
biological c leanl iness  is e s sen t i a l  and i m p o s e s  many  additional 
res t r ic t ions .  F P H  ECCO foam (u re thane )  h a s  l i t t le  outgassing and has 
becn successful  in space  vacuum. 

In this pa r t i cu la r  c a s e ,  a n  80- 

The w i r e  will  

The welded in te rconnec t  m a t r i x  is built 

T h e s e  l a r g e r  modules  
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b. Exoer imenta l  Package  

One of the exper imenta l  packages reviewed cons i s t s  bas i -  
cal ly  of a pr in ted-c i rcu i t  board with hand so lde red  d i s c r e t e  p a r t s  and 
conventional connec tors .  The  board is placed i n  a f r a m e  and foamed 
without any conformal  coating (decontamination i s  not r equ i r ed  f o r  this  
par t icu lar  application).  

In another  application, integrated c i r cu i t s  i n  flat packs a r e  hand 
so ldered  while d i s c r e t e  p a r t s  a r e  mounted axial ly  to the printed- ciFcuit 
board.  P r in t ed -  c i r cu i t  boa rds  a r e  general ly  double s ided boa rds .  In 
applications using f la t  packs for digital  c i r cu i t s ,  30 f la t  packs a r e  placed 
, in  para l le l ,  i n se r t ed  into a holder ,  and then welded. 

c. New Studies 

T h e r e  has been considerable  study and exper ience  i n  work-  
ing with MOS F E T  uni ts .  
b l e m  of handling these  devices  without damaging t h e m  because of e x c e s s  
s ta t ic  e lec t r ic i ty .  I t  was r epor t ed  that even with the Z e n e r  diode pro-  
tect ion many of t h e m  a r e  damaged i f  handled c a r e l e s s l y .  
c a r e  is taken i n  providing plenty of grounding, m e t a l  s c r e e n s ,  ground- 
ing f o r  the personnel ,  e lec t ros ta t ic  checking of all the equipment  before  
connecting, and even spraying  the g lass  with an t i s ta t ic  ma te r i a l .  Elab- 
o r a t e  as the precaut ions may  s e e m  they have proved effect ive in achiev- 
ing  success fu l  handling of quant i t ies  of MOS type devices .  

P a r t i c u l a r  attention has  been paid to the pro- 

Extensive 

The  MOS integrated c i r cu i t s  a r e  used f o r  digi ta l  logic i n  a TO-5 can  
package of both eight and 12 leads .  
p a r t s  as needed. 

They a r e  in te rmixed  with d i s c r e t e  

Cons iderable  invest igat ion has  a l so  been done using monolithic 
techniques to  develop thin-f i lm r e s i s t o r s .  
t r a n s i s t o r s  and 16 r e s i s t o r s  on one monolithic chip. At the p re sen t  
t i m e ,  d i e s  and m a s k s  a r e  purchased and the r e m a i n d e r  of the nianu- 
f ec tu r ing  is  conducted a t  NASA- Goddard. 

One s t r u c t u r e  produced 59 

12. North American Aviation, Space and Information Division, 

Downey, California 

The purpose of this v i s i t  was to d i scuss  the techniques bcing 
employed by a n  on- going NASA program.  
that  of the SATURN I1 p rogram.  
p ro jec t  office i s  the mounting, interconnection, a n d  protection of 

The  pro jec t  officc Lvisitcd \\!as 
The p r i m a r y  function o i  t h i s  par t icu lar  
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subsys t emblack  boxes fo r  a total  e lec t ronics  control  s y s t e m  on the 
SATURN I1 boos ter .  
l a rge  sca l e  cabling and cable protect ion,  l a r g e  housing uni t s ,  t h e r m a l  
insulation, vibrat ion isolat ion and damping,  ab ras ion ,  etc.  Th i s  pro-  
j e c t  w a s  s t a r t e d  4 l / 2  y e a r s  ago using d i s c r e t e  components.  
was  requi red  that exis t ing equipment be used whereve r  possible .  
components w e r e  G F P ,  off-the- self vendor i t e m s ,  and s o m e  components  
built in  house.  

Specific a r e a s  of conce rn  include methods fo r  

F u r t h e r ,  it 
Thus 

Considerat ion of this pa r t i cu la r  pro jec t  is then the s ta te  of the ar t  
at the t i m e  of init iation, the cons t r a in t s  of a tight t ime schedule ,  c o s t s ,  
high rel iabi l i ty ,  the lack of any significant space  r equ i r emen t s ,  and the 
requi rement  to  use  existing equipment insofar  as possible.  

a. Miniature  Module 

One of the in te res t ing  in  house developments  on this  pro-  
g r a m  has  been the development  of a compact  connector  module.  The  
cable  s ide of a round molded pin connector  is welded to  a small plate 
fo r  mounting purposes ,  d i s c r e t e  p a r t s  a re  f a s t e n e d  to  the connector  
pins ,  and the o ther  ends  of the p a r t s '  l eads  a r e  interconnected and 
welded point to point. The en t i r e  a s s e m b l y  is  then  potted resu l t ing  i n  
a compact  module of the same d i a m e t e r  as the connector  and approxi-  
mately twice as  long. The  s a m e  approach  can  be used  with two con- 
nec tors  t o  provide a double-ended in- l ine network. The s a m e  concept 
has  a l so  been used f o r  pa ra l l e l  in- l ine spl ic ing of power c i r cu i t s .  
example,  a half dozen of these  connector  modules  have been a r r a n g e d  
back to back to power d is t r ibu t ion  boxes,  thus providing a number  of 
network e l emen t s  to yield p rope r  d is t r ibu t ion  of power to  many  s m a l l e r  
c i rcu i t s .  A module of th i s  type i s  qui te  convenient i n  that  i t  is qui te  
rugged and v e r y  eas i ly  rep laced .  
providing auxi l ia ry  networks needed to  in t e r f ace  the va r ious  conventional 
modules f r o m  G F P  and vendor stock. 

F o r  

The modules  have been valuable  in 

b. Cabling 

Cabling and h a r n e s s  have  been one of the m a j o r  cons idera-  
The  high c u r r e n t  conductors  produced a l a r g e  tions in th i s  instal la t ion.  

f ield,  making i t  n e c e s s a r y  to  min imize  pickup i n  the s ignal  c i r c u i t s  
which was done by developing a he l ica l  l ay  i n  the cab le  consis t ing of 
fou r  tu rns  pe r  foot which effectively nul l i f ies  the field f r o m  the high 
c u r r e n t  conductors .  Genera l ly ,  the cab le s  a r e  covered  with a n  ex te rna l  
braid of nylon and f ibe r  g lass .  
the helix cons t ruc t ion ,  to  insu la te  f r o m  engine hea t ,  and to provide 
ab ras ion  r e s i s t ance .  

These  s t e p s  w e r e  n e c e s s a r y  to  r e s t r a i n  
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c.  Pot t ing  Compounds 

Stycast  is used fo r  potting en t i r e  functional a s sembl i e s .  
Urethane foam is injected into s o m e  as sembl i e s  to hold lightweight w i r e s  
and pa r t s ;  however , i t  is not a good moi s tu re  seal. RTV in  a putty-like 
consis tency is  used to  cover  t e rmina l s  and s t akes  for  moi s tu re  protect ion 
where  the o rd ina ry  conformal  coat  would tend to pull off the s h a r p  c o r -  
n e r s .  A similar m a t e r i a l  is  used as  a hea t  p ro t ec to r  over  s o m e  of the 
h a r n e s s  wir ing and connectors .  

d. Subsys tem Packages  

Most  of the s tandard  components have been placed in l a r g e  
s u b s y s t e m  conta iners  displaced radial ly  around the  ap ron  on the bot tom 
of the SATURN booster .  
approximately 5 by 3l/2 fee t  and taper ing down to 21/2 by 1 foot. 
gene ra l ,  cons t ruc t ion  fo r  these  conta iners  is a honeycomb sandwich 
approach.  Most  of these  subsys t em conta iners  a r e  filled with ni t rogen 
and s o m e  a r e  p re s su r i zed .  Conventional cabling is used f r o m  the com- 
ponents within the subsys t em box to  ex terna l  connec tors  where  i t  i n t e r -  
faces  with the h a r n e s s  i n  the boos te r .  Mechanical vibrat ion and acous-  
t i ca l  no ise  have been problems.  Frequent ly ,  the components obtained 
would not mee t  these  environmental  r equ i r emen t s ,  thus requi r ing  the 
p ro jec t  o f f ice  to  do  fu r the r  investigation and design of n e c e s s a r y  isola-  
tion. 

These  l a r g e  conta iners  a r e  wedge shaped being 
In 

Genera l ly ,  h e a t e r s  a r e  used when i t  is n e c e s s a r y  because  of c ryo-  
genic fue l  p rob lems ,  and insulat ion is used fo r  n o r m a l  fl ight t e m p e r a t u r e  
cont ro l  problems.  Usually, the subassembl ies  o r  furnished components  
a r e  qualified as uni ts ,  and then the en t i re  s u b s y s t e m  container  is 
requal i f ied.  

13. Philco Western Development Laboratory, Palo  Alto, California 

Phi lco  Wes te rn  Development Labora to ry  is involved in  e lec t ronic  
packaging on var ious  p r o g r a m s  such as Alsep,  subsys t ems  for  Mar ine r  
69 and P i o n e e r ,  an  exper iment  fo r  APOLLO, etc.  Technologies iAclude 
m e t a l  f r a m e ,  s t r i p  l ine and cavity construct ion f o r  r ad io  frequency 
s y s t e m s ,  and p lanar  and modular  a r r a y s  fo r  integrated c i r cu i t  f la t  packs.  

a. Radio Frequency  Subsystems 

One approach  is to  use the bas ic  T - f r a m e  s t r u c t u r e  on 
which to  build a module. Conventional p a r t s  a r e  a t tached to the f r a m e  
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with s i l icon cement  r a t h e r  than supported by the i r  l eads .  Shrinkable 
polyolefin tubing and feed  throughs a r e  used in  the f r a m e  m e m b e r  f o r  
d i r e c t  point- to- point wiring. 
i n  F i g u r e  15. Basical ly ,  the power c i r cu i t s  a r e  on one s ide  while the 
r ad io  frequency c i r cu i t s  a r e  on the opposite s ide of the m e m b e r .  The 
en t i r e  package is filled with Upjohn's C R P -  17 polyurethane, f r e e  blown 
at a density of two pounds pe r  cubic foot. The bas ic  T - f r a m e  s t r u c t u r e  
is 2'/2 by 1 by 3!4 inch; however ,  the length can  va ry  as noted in  F i g u r e  
15, for  convenience of the pa r t i cu la r  c i r cu i t  involved. 
the s t r u c t u r e  is produced by automatic  mill ing f r o m  a solid a luminum 
piece.  
throughs i n  holes  in the base  plate.  
fo r  the in te rconnec ts .  

An example of this  construct ion i s  shown 

The base  plate  f o r  

The ex te rna l  pins f r o m  each  module a r e  fed through g la s s  feed  
Point-to-point hand wir ing is used  

The base  plate can  then be bolted s e c u r e l y  a s  des i r ed .  It should 
a l s o  be noted that this  cons t ruc t ion  p e r m i t s  ground t i e s  anywhere that 
i t  is des i r ed ,  and the T - f r a m e  a c t s  as an  efficient hea t  sink. A meta l  
cove r  of 0.005 inch of copper  c o v e r s  the polyurethane potting and 
contac ts  the magnes ium base.  This  type of c i r cu i t  ope ra t e s  in the 
s e v e r a l  hundred megaher tz  range .  

b. Mult icard Modules 

One of the ini t ia l  concepts  a t  Phi lco  Wes te rn  Development 
Labora to ry ,  cal led the wafer  module,  was to  s t ack  four  pr in ted-c i rcu i t  
w a f e r s ,  e a c h  containing four  in tegra ted  c i r c u i t s ,  i n  one potted package. 
R i s e r  w i r e s  interconnect ing the edges of these  boa rds  pro t ruded  through 
the header  to  provide the ex terna l  connections in  a fashion somewhat  
similar to  the RCA micromodule .  
cen te r  of the header .  
boa rds  holding s e v e r a l  integrated c i r cu i t s  as shown i n  F i g u r e  16. 
module is  designed with a fixcd height as s e e n  i n  F i g u r e  16  with var iab le  
width and length depending upon the needs of the module.  The integrated 
c i r cu i t s  a r e  para l le l -  gap welded to the s ingle  o r  double s ided pr inted-  
c i r cu i t  boards.  

A hold-down bolt is  anchored  in the 
This  concept has  now been expanded to  l a r g e  

This  

As noted in F igu re  16, a copper  hea t  s ink  can  be placed under  the 
integrated c i r cu i t s  and coupled mechanica l ly  to hea t  s ink  b a r s  which 
will conduct the hea t  to  the ex terna l  package.  
the the rma l  joints .  
t r o l  within 1" to  2 ° F .  

Sil icon g r e a s e  i s  used on 
This  technique i s  s a i d  to  achieve  t e m p e r a t u r e  con- 

These  modules  a r e  mounted on a mothe r  board through a s tandard  
The holes  in  the m o t h e r  board  have  a hollow tubelet  hole grid pat tern.  

of 0. 030 inside d i ame te r  through which thc pin f r o m  the module p a s s e s .  
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Welded r ibbons,  which can  be cut  to  pe rmi t  r emova l  of the module f o r  
r e p a i r  o r  rep lacement ,  provide e l ec t r i ca l  connection between the tube- 
l e t s  and the module pins. Some considerat ion i s  a l s o  being given to 
paral le l -  gap so lder ing  to faci l i ta te  module removal .  The  module is 
bolted through the mother  board and chass i s  to  a calculated loading. 
Connections to  the mothe r  board a r e  made by wir ing f r o m  a connector 
through a r ight  angle to a heade r  and potting that port ion of the wiring. 
This  then becomes  a module which is se t  into the mother board.  An 
example of var ious  s i ze  modules  assembled  in  a f r a m e  is  shown in 
F igu re  17 ,  

A unique fea ture  of the mothe r  board construct ion is  that  of con- 
s t ruc t ing  a mul t i layer  printed- c i rcu i t  board by p rogres s ive  laminat ions.  
As each  l a y e r  is finished, a fou r -mi l  coating of "B-stage" epoxy is 
placed between i t  and the succeeding layer .  
a r e  welded as e a c h  l aye r  i s  assembled .  
l a y e r s  have  been a s sembled ,  a specific p r e s s u r e  is  applied to  the en t i r e  
mothe r  board  a s s e m b l y  to c r e a t e  the bond. 

Interconnects  between l a y e r s  
After the d e s i r e d  number  of 

Ph i l co  a l s o  u s e s  the s t anda rd  cordwood approach  for  var ious  types 
of a s s e m b l i e s  including shielded r ad io  frequency modules .  
considered a convenient,  cheap, t ime- tes ted  approach  f o r  l imited den- 
s i t i e s  and l imited repairabi l i ty .  

This  is 

I c. Hybrid High F requency  Couplers  

Another packaging technique used by Phi lco  Wes te rn  
Development  Labora to ry  is the s t r i p  line technique fo r  handling high 
f r equenc ie s  in  a s s e m b l i e s  before  rea,ching the wave guide. 
brass conductor  pa t te rn  i s  contained, sandwich fashion,  between two 
s l abs  of two-pound densi ty  foam. This a s s e m b l y  d r o p s  into a milled 
m a g n e s i u m  c a s e  to essent ia l ly  f o r m  a solid wave guide. 
c r e t e  components  a r e  used  in  this  construction. 

A machined 

Very  few d i s -  

14. Radiation, Incorporated, Melbourne, Florida 

, The design and packaging of ae rospace  e lec t ronics  is on(' of 
the pr inc ipa l  functions of Radiation, Incorporated.  Concepts u s ~ d  in 
the i r  packaging work  w e r e  outlined, by personnel  i n  the At,rospace 

I P r o d u c t  Design Section of the Systems Division, as follows: 

1) 
2 )  
3 )  
4) Hybr ids  of l ) ,  2 ) ,  and 3).  

P l a n a r  configuration with d i s c r e t e  componcnts 
Cordwood modules with d i s c r e t e  components 
P l a n a r  a r r a y s  of integrated c i rcu i t  f lat  p a c k s  
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In addition to  those  l i s t ed ,  Radiat ion,  Incorporated,  is using the i r  func- 
t ion wafer  which is essent ia l ly  a multichip packaging concept offering 
a 50 percent  savings i n  volume ove r  the conventional f la t  packs.  
Radiation, Incorporated,  is  a l s o  going in  the d i r ec t ion  of l a rge -  s c a l e  
integrated c i r cu i t s  which offer a 1O:l reduction ove r  the p lanar  f la t  
pack technique. 

a. Concept 1 

The planar  mounting of d i s c r e t e  components  of fe rs  a c c e s -  
s ibi l i ty  fo r  maintenance and rep lacement  of components.  
because  of the re la t ive ly  l a r g e  volume requ i r ed  i n  th i s  packaging 
technique, i t  i s  being phased out. 

However ,  

b. ConceDt 2 

The cordwood module of d i s c r e t e  components  is perhaps  
the old s t anda rd  of Radiat ion 's  packaging work. 
c r e t e  components a re  s tacked in a ve r t i ca l  or ientat ion between m y l a r  
platens,  and c i r cu i t  interconnect ions a r e  made  by welding nickel r ibbon 
to  the protruding component l e a d s  according to  r ibbon routing paths 
pr inted on the m y l a r  shee t s .  Where  integrated c i r cu i t  f la t  packs a r e  
used  i n  the  cordwood module,  the leads a r e  lengthened by welded on 
extensions and the f l a t  pack is encapsulated in  epoxy to  a s i z e  compatible  
with the d i s c r e t e  components.  The completed cordwood a s s e m b l y  is 
potted in polyurethane f o a m  and has a f la t  configuration; i. e . ,  the length 
and width a r e  about t h r e e  t i m e s  the height. 
a s s e m b l i e s  a r e  mounted by so lde r ing  to a plated- through hole ,  pr inted-  
c i r cu i t  board.  
s u p e r i o r  t o  feed- through ho le s ,  having successfu l ly  withstood 80 g ' s  
vibrat ion,  t h e r m a l  shock,  etc.  

In this  method,  d i s -  

Eight  of these  potted 

T h e i r  s tud ies  have shown that  plated- through holes  a r e  

Connection f r o m  the individual boards to  the input- output connec tors  
is m a d e  with h a r d  wiring. Since one of Radiat ion 's  p r i m e  object ives  is 
maintainabi l i ty ,  they avoid u s e  of the mothe r  board concept.  The  ha rd  
wir ing  u s e d  is Number 24 ( o r  26): 19 s t r a n d s  with a s e r v i c e  loop l a rge  
enough to  p e r m i t  a board to be ex t rac ted  f r o m  the s t ack  and serv iced .  
R T V  521 molding m a t e r i a l  is used to  pot the connections of the ha rd  
w i r e  to  the pr in ted-c i rcu i t  board  to  prevent breakage  and provide 
envi ronmenta l  protect ion.  Some packages use ,  ins tead ,  a s t r i p  con- 
nec to r  t o  engage the wir ing with the board.  

An a l t e rna te  method has the hard wir ing placed in  r a t h e r  t ightly 
(without loops) ;  thus ,  the s t ack  of boards ,  interconnected,  can  be fanned 
open l ike  book pages fo r  r equ i r ed  accessibi l i ty .  Urethane foam i s  used 
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to  pot the whole volume behind the input/output connectors  to e l imina te  
w i r e  movement  (and breakage)  and to offer  s o m e  environmental  protec-  
tion. 
i n  any manner ;  they d iscovered  that lacing these  bundles contributed to 
w i r e  breakage.  

The wir ing run  between the board and connectors  i s  not cabled 

The printed- c i rcu i t  boards  thus completed and having been equipped 
with locator  devices  a r e  compressed  into a s t ack  between rad ia l -  r ibbed 
a luminum end plates  and held with a center  - through bolt. 
i s  subsequently mounted within a me ta l  housing on rubber  vibrat ion 
i so l a to r s  which provide a "floating" a r r angemen t  fo r  the s tack.  

Th i s  s t ack  

Radiation, Incorporated ,has  successfu l ly  used the compress ion -  
packaged, foam-  encapsulated welded module approach  in s e v e r a l  space  
applications.  
s o  that a neut ra l  s t r e s s  condition ex i s t s  when the board is in the s tack.  
The solder ing of foam-pot ted-module leads  i s  done under  compress ion  
fo r  the s a m e  reason .  
plate is potted in  a t  the su r face  of the module to  provide the n e c e s s a r y  
t h e r m a l  conduction; the hea t  producing components  contact this plate.  
Radiation, Incorporated,  has a l s o  used  a luminum filled foams with s o m e  
success .  

Of i n t e r e s t  is  the fac t  that the f o a m  potting i s  p r c s t r e s s e d  

Where  power diss ipat ion r e q u i r e s  i t ,  an a luminum 

The housing used in  the LEM vehicle is mil led f r o m  a solid a lumi-  

The cos t  is  repor ted  to  be  comparab le  to  that  of a c a s t  hous- 

Close  proximity s c r e w s  a re  used 

n u m  block to  a n  0.090-inch wall  thickness  by a tape p rogrammed  
machine.  
ing,  and the quali ty is  much  be t te r .  
a package for the SATURN, Block 2 .  
to  s e c u r e  the lid in l ieu of a r ad io  f requency  in t e r f e rence  gasket .  
humidity r equ i r emen t  f o r  an APOLLO Block 2 package together  with a thin- 
walled housing,which could not withstand 15  pounds p e r  s q u a r e  inch,  
resul ted in a novel breathing compar tmcn t  development.  
men t ,  a s i l ica-gel-f i l led ce l l  functions both as a n  act ive and a pass ive  
moi s tu re  f i l t e r ;  i .  e . ,  i t  has  valves  to  the outs ide world and s c r e e n e d  
por t s  to the in t e r io r  of the housing. 

A similar approach  was used on 

A 10-day 

Th i s  compar t -  

c .  Concept 3 

Radiation, Incorporated,  u s e s  s ix - l aye r  pr inted-  c i r cu i t  
boards  (which they cons ider  op t imum) fo r  the p lanar  mounting of inte- 
grated c i rcu i t  f la t  packs ( F i g u r e  18). 
through holes  and electro- t inned so lde r  pads is m a d e  in  house.  The 
f la t  pack leads,  having been pre-dip-  t inned, a r e  a t tached to the board 
by reflow solder ing.  
at a t ime.  P r e s e n t l y ,  Radiation, Incorporated,  is so lder ing  seven  leads  

The s i x - l a y e r  board with plated- 

E a r l y  work  cons is ted  of so lder ing  the leads  one 
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on one s ide  of the flat pack a t  a t ime ,  and is developing a n  automated 
machine which f eeds ,  p laces ,  and accu ra t e ly  posit ions the f la t  pack on 
the board and holds i t  i n  place while all 14 leads  a r e  so ldered  under  
a n  ine r t  gas  blanket. The machine,  which will  be marke ted  under the 
labe l  of RADIBOND, can  handle 24 different  types of c i r cu i t s  in  t h r e e  
operat ional  modes ;  fully automatic ,  semiautomat ic ,  and manual .  The  
r a t i o  of t ime  used  by a m a n  doing the solder ing operat ion to  the fully- 
automatic  operat ion of the machine is about 200: 1. 

Radiation, Incorporated,has  gone in  the d i rec t ion  of s u r f a c e  so lde r -  
ing of flat pack leads  due to the l a r g e  number of packs p e r  c a r d ,  100 to  
200. 
while an  apparent  gain resu l ted  i n  su r face  densi ty ,  t.he mul t i layer  c i r -  
cu i t  boards became too complex. 
the printed- c i r cu i t  board su r face  underlying the m e t a l  capped flat packs.  
Urethane f o a m  l a y e r s  a r e  affixed to the bot tom side of the c i r cu i t  boa rds  
to  furn ish  a compress ib l e  s p a c e r  between the boards .  
contoured to fi t  the f la t  packs on the adjacent  board.  

The bent-lead f la t  packs w e r e  t r i ed  but found to be unfeasible:  

A m y l a r  tape s t r i p  is used  to  insu la te  

The f o a m  is 

Hard wir ing  is  used to  connect each  board to  its own input/output 
connector .  
ver t ica l  r iser w i r e s  which pass  through AMP minia ture  spr ing  sockets  
around the pe r iphe ry  of the c i r cu i t  boa rds  ( F i g u r e  19) .  This  technique 
s implif ies  board layout and cont r ibu tes  to e a s e  of a s s e m b l y ,  convenient 
e l ec t r i ca l  checkout,  and rapid r e p a i r  capabili ty.  

Interconnect ions be-tween the boards  a r e  provided by r igid 

d. Pro to type  Development 

Within this gene ra l  concept ,  a double- s ided pr inted-  c i r cu i t  

P la ted  through 
F l a t  

board which h a s  many pa ra l l e l  conductor paths  a c r o s s  the width of the 
board on the o ther  s ide  has  reached  the prototype s tage .  
ho les  occur  at eve ry  opposed c r o s s i n g  of the conductor paths.  
packs can be at tached anywhere on the board ,  and the paths  in te rcon-  
necting the c i r cu i t s  can then be defined by burning out unwanted connec- 
tions with a taped e l ec t ron  beam.  

Another developmental  i t e m  resu l t ing  f r o m  a feas ib i l i ty  s tudy is a 

The r e c e s s e d  pins m a t e  with pro t ruding  tubelets  mounted 
plug-in micromodule that u s e s  r e c e s s e d  Cannon pD s e r i e s  twist  pin 
connectors .  
on a pr in ted-c i rcu i t  mo the r  board .  
packs i n  a pancake s tack  configuration. 
been in production. 

The  mic romodu les  contain f la t  
T h e s e  mic romodu les  have never  
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e. L a r g e  Scale  Integrated Ci rcu i t  

Th i s  development is  a three- inch  squa re  c e r a m i c  mothe r  
Conductor bus board to  which 70 integrated c i rcu i t  chips  a r e  alloyed. 

l ines  consisting of e lectrodeposi ted gold in  five mil s q u a r e  grooves  a r e  
located on each  s ide  of the board with all l ines  on the back running nor -  
mal to those on the front .  Where  r equ i r ed ,  connections a r e  m a d e  from 
the front to the back by gold-filled through-holes. Flying gold w i r e  
l eads ,  ul t rasonical ly  bonded, interconnect  the chips and the bus l ines .  
Overlaying the mother  board  is a c e r a m i c  "tunnel" board that is , r eces -  
sed  above each  of the 70 integrated c i r cu i t  chips to provide c l ea rance  
for  the flying leads .  
of the package, damps  the flying leads  for  vibrat ion purposes ,  and pro-  
vides both t h e r m a l  isolat ion between the chips and microphonic  isolation 
between the chip c i r cu i t s .  
a r e  sandwiched between a luminum plates  that  have a h a r d  anodized 
coating on the outside su r face  for  r e s i s t ance  to alpha and g a m m a  rad ia-  
tion and a mica -g la s s  coating on the ins ide  for  e l ec t r i ca l  insulation. 
A t rea ted  a luminum edge-wrapper holds the sandwich together  while i t  
is bonded into a monolithic package with s i l i con  s e a l s  and heat .  The 
completed package, measu r ing  approximate ly  3 by 3 by /16 inch, u s e s  
printed cable  wiring to the input/output connec tors .  Twenty of these  
packages c o m p r i s e  a complete  t e l eme t ry  sys t em.  
including the mounting c h a s s i s ,  had approximate  d imens ions  of t h ree  
by four  by five inches.  
f r o m  the planar  flat  pack technique. A m o r e  d r a m a t i c  compar i son  is  
that  eight r e l ay  r a c k s  would be r equ i r ed  to  house this  s y s t e m  if built 
of d i sc re t e  components.  

The tunnel board s e r v e s  as a s t r u c t u r a l  m e m b e r  

These  two c e r a m i c  boa rds  (mothe r  and tunnel) 

3 

The prototype s y s t e m ,  

This  approach  of fers  a 1O:l package reduct ion 

15. Sandia Corporation, Albuquerque, New Mexico 

Thc Special P r o j e c t s  Division of Sandia Corpora t ion  is  con- 
High r e l i -  cerned  with e lec t ronic  c i r cu i t ry  f o r  the V E L A  sa te l l i t es .  

abil i ty is  the p r ime  considerat ion.  
attr ibuted to the following design c r i t e r i a :  

The i r  s u c c c s s  in  this r e a l m  i s  

1)  Tight specifications on design and p a r t s  
2 )  

3 )  
4) Relatively s imple  c i r cu i t s  
5) 
6 )  Skilled production labor  
7 )  

G r e a t  c a r e  i n  the init ial  se lec t ion  of vendors  and 
components 
Limited l i s t  of proven components  

Rugged mechanical  des ign  and housings 

C 1 o s  e c oope ra t ion  with s e m i  c o nd uc to r  manu f a  c' t (1 r L> 1- s 



8) 

9) Goal of z e r o  maintenance.  

Ret icence toward integrated c i r c u i t s  for  volumetr ic  savings 
alone 

Because of the r a t h e r  spec ia l  application and r equ i r emen t s  for  the i r  
units,  Sandia engineers  have paced the development of the i r  des igns ,  
and feel  that the i r  approach  is conservat ive and only modera te ly  dense .  
The units which Sandia builds contain many different  types of functions 
of c a r d  modules  and re la t ive ly  few of an individual type. Sandia engi- 
n e e r s  r e l y  heavily on exper ience ,  good engineer ing design,  and ski l led 
personnel  fo r  t he i r  winning combinations 

a. Init ial  P l a n a r  Designs 

Sandia 's  e a r l y  des igns  used p lanar  mounting of min ia tu re  
d i s c r e t e  components on double sided c a r d s  having gold-plated,  copper-  
conductor pa t te rns  with plated- through holes .  Assembled ,  the c a r d s  
w e r e  0. 3 inch thick,  one and two inches wide,  and 1. 5 inches high; 
components were  hand so ldered  to  the ca rds .  All plated-through holes  
not occupied by component leads  w e r e  reinforced by a so ldered- in  wire .  
A polyurethane l amina r  X500 conformal  coating provided environmental  
protection. These  boa rds  plugged into a two-layer  mother  board through 
ELCO sp r ing  fo rk  connector  f ingers  mounted in  l ine along a fac ia l  edge 
of the board.  Mult i layer  mother  boards w e r e  somet imes  used but w e r e  
not p r e f e r r e d .  Checkout, a t  this  point of a s sembly ,  was  computer  auto- 
mated.  

Housings for  the mothe r /daugh te r  a s s e m b l i e s  w e r e  machined f r o m  
solid a luminum blocks,  the f inish dimensions being about four inches 
s q u a r e  and two inches  high. An optional c a r d  guide a r r a n g e m e n t  was  
inco rpora t ed  in  the housing design,  consis t ing of thin par t i t ions of 
polyurethane foam o r  nylon with milled ve r t i ca l  c a r d  s lo ts .  
par t i t ions  could be positioned to  allow one long c a r d  o r  two s h o r t  c a r d s  
i n  a given row on the mothe r  board.  
was  equipped with a f o a m  p r e s s u r e  pad which s e r v e d  to  hold the c a r d s  
down to  the mother  board.  Designed for  a 100-g vibrat ion r equ i r emen t ,  
e v e r y  uni t  was flight t e s t  qualified to a leve l  exceeding the specification. 

T h e s e  

The unders ide  of the housing lid 

The  input/output connec tors  to  this housing w e r e  located around the 
pe r iphe ry  of i t s  b a s e  as needed. Cannon twist-pin (Centipin s i z e )  con- 
n e c t o r s  w e r e  used.  Before installation, the connec tors  were  p rewi red  
with lengths  of polyolefin-insulated,  26-gage solid w i r e ,  each  of which 
had a shr inkable-  spaghetti  s leeve  installed a t  the so ldered  joint. W i t h  
the connec to r s  ins ta l led ,  the w i r e s  were  routed in  cable  groups to  the 
va r ious  t e r m i n a l  points on the mother  board and soldered.  T e r m i n a l  
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points on the m o t h e r  board w e r e  the r e a r  extensions of the ELCO sp r ing  
fo rk  connector  f inge r s .  The cable  groups w e r e  laced with nylon braid 
to secu re  t h e m  and f inal ly  the whole a r e a  was  conformal  coated. Most  
of the in te rconnec ts  between the daughter  boards  w e r e  provided by the 
etched mother  board  with the remain ing  few being provided in  the ha rd  
w i r e  level. 
w i re  installation to e l iminate  the possibil i ty of nicking the w i r e  thus 
inducing a possible  point of fa i lure ;  however ,  shielded w i r e  was used 
a t  this leve l  i f  i t  could not be designed around. 

T h e r m a l  w i r e  s t r i p p e r s  w e r e  used exclusively in  the ha rd -  

b. Integrated Ci rcu i t  Packaging 

What has been desc r ibed  could well be t e r m e d  a bas ic  

Sandia ju s t  recent ly  
design s ince m o s t  of Sandia 's  l a t e r  developments  i n  e lec t ronic  packaging 
a r e  re f inements  o r  a l te ra t ions  of this design.  
began to  se r ious ly  u s e  in tegra ted  c i r cu i t s  i n  the c u r r e n t  V E L A  sa te l -  
lite. 
tivity of integrated c i r cu i t s  w e r e  incompatible with the i r  e a r l i e r  des igns .  
Sandia fee ls  that  the e lec t ronics  packaging indus t ry  is  s t i l l  a long way 
f r o m  knowing how to  specify integrated c i r cu i t s  and as  a pa r t i a l  solution 
to this problem,  they coopera te  v e r y  closely with the semiconductor  
manufac turers  to obtain exact ly  what they need. 
interplay between u s e r  and m a k e r  a r e  s t r ingent  p a r a m e t r i c  r equ i r e -  
men t s ,  availabil i ty of va r i ab le s  da t a ,  only " c r e a m -  of- the- crop" accep-  
tance,  and funding aid fo r  new developments  and s tudies .  

This  is because  the high power consumption and high noise sens i -  

Ground r u l e s  fo r  this  

The e a r l y  approach  to  the u s e  of in tegra ted-c i rcu i t  f la t  packs was  
a planar one with the leads  para l le l -  gap  welded to  inconel- clad boa rds .  
Sandia had p rob lems  with blowouts and with joint  inspect ion due in  p a r t  
to  the use  of older  genera t ion  welding equipment ,  but w e r e  successfu l  
to the point of placing a welded s y s t e m  of 290 in tegra ted-c i rcu i t  f lat  
packs in  the i r  Launch- 3 sa te l l i t e .  

Curren t ly ,  Sandia is  attaching f la t  packs ,  which have c e r a m i c  c a s e s  
and p re fo rmed  2 - shaped l eads ,  by the reflow- so lde r  technique. 
inspection has  a l s o  proven  to  be a p rob lem with reflow so lder ing;  joints  
which appeared  to be good w e r e  found to be weak  due  p r i m a r i l y  to  the 
gold plating on the kovar  l eads  amalgamat ing  with the so lder .  
joint  inspection p rob lem was  ove rcome  a t  one t i m e  by a heavy so lde r  
coating on the board and s e v e r a l  dip-tinning cyc le s  on the l eads  with 
in te rmedia te  wiping of the molten me ta l .  The  so lde r  a l loys  with the 
gold, diluting i t  and effectively r e m o v e s  the gold in  solution dur ing  the 
wiping process .  Sandia now spec i f ies  that  the gold plating be  put on 
the flat packs leads  such  that  joint  inspec t ion  is no longer  a problem.  

Joint  

The  



The newest  approach  to  the u s e  of flat packs  will  have the l eads  of 
the f la t  pack bent a t  a r igh t  angle and hand so lde red  into s taggered  
plated- through holes  i n  the printed- c i rcu i t  c a r d s .  The  c a r d s  will  have 
essent ia l ly  a s tandard ized  layout with the eight flat packs ,  the Vcc and 
ground buses ,and the connector  position appear ing  i n  the s a m e  place 
on all c a r d  types.  Only the interconnect  pa t t e rn  will  be var ied ,  and 
th i s ,  r a t h e r  eas i ly  and economically.  Sandia r e a l i z e s  that  this i s  a 
l e s s -dense  approach  than the i r  previous method but cons ider  i t  to  be 
m o r e  re l iab le ,  to p e r m i t  faster a s sembly ,  and to  allow a be t te r  dove- 
tail ing of production and p a r t s  de l ivery  schedules .  In both the Z - bend 
and r ight  angle bend techniques of f la t  pack a t tachment ,  the in tegra ted  
c i r c u i t  c a s e  s tands  off the board s o  that a n  insulating tape is unneces-  
s a r y  between the tape and the board.  Conformal  coating is  applied as  
a final s t e p  in  e i ther  method. 

c. Connectors  

Sandia h a s  had no trouble with the ELCO connector f inge r s  
when p rope r ly  instal led.  
setups dur ing  so lder ing ,  i n  the o r d e r  of 0. 001 inch  pin-to-pin and 0. 003 
inch over  length of board ,  so  that j igs  a r e  used. Exper ience  has  taught 
Sandia that  the pins m u s t  a l s o  be thoroughly defluxed and cleaned a f t e r  
a t tachment .  
men t  of the twist-pin connector  which Cannon m a r k e t s .  As noted p re -  
viously,  these  a r e  used exclusively for the input/output connectors  to  
the i r  black boxes. In accordance  with the "bas ic  des ign  concept ,"  the 
mi l led  ou te r  housings a r e  e i ther  scaled up  o r  down i n  s i z e  and s t r u c t u r a l  
s t r eng th  to  sui t  the application. Units have been  built  f o r  a 250-gvib-  
r a t ion  r equ i r emen t .  

This  instal la t ion r e q u i r e s  c lose  to le rance  

Sandia or iginated the idea f o r  and cooperated in the develop- 

The  s y s t e m s  built fo r  the VELA sa te l l i t es  ope ra t e  re la t ive ly  cool 
and t h e r m a l  dynamics  is a minor  factor  i n  the i r  design. Semiconduc- 
t o r s  a r e  de ra t ed  10 to  l / a i r  to vacuum; t r a n s i s t o r s  a r e  operated s o  
conserva t ive ly  that Sandia specif ies  the be ta  p a r a m e t e r  at min imum 
c u r r e n t .  
extensively,  but a c u r r e n t  move i s  toward the u s e  of one-eighth wat t  
e l emen t s .  

One-qua r t e r  watt  carbon composition r e s i s t o r s  a r e  used 

C e r a m i c  and tantalum capac i tors  a r e  used.  

16. Space Craft, Incorporated, Huntsville, Alabama 

Space Cra f t ,  Incorporated, 'has developed a s tandardized pack- 
aging technique which accommodates  25 different  c i r cu i t s  f r o m  power 
suppl ies  to S-band r e c e i v e r s  and which is v e r y  rugged,  compact ,  and 
adaptab le .  An example  of the i r  capabili ty i s  a 100-channel t e l eme t ry  
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t r a n s m i t t e r  in  a volume of approximately one by two by th ree  inches.  
Space Cra f t ,  Incorporated,  p r e f e r s  the 2 - D  planar  mounting technique 
where  all components a r e  in  one l aye r  and a r e  interconnected by point- 
to- point printed- c i r cu i t  wiring. 

Three  approaches  a r e  used by Space Cra f t ,  Incorpora ted ,  to the i r  
packaging jobs.  

a. Approach 1 

Miniature  d i s c r e t e  components a r e  a s sembled  into high- 
density cordwood modules ,  interconnected by welding, and potted in  a 
ha rd  sett ing epoxy. These  units a r e  so ldered  into place on pr inted-  
c i rcu i t  c a r d s  and the input/output connectors  a r e  made  with flexible 
printed cabling. The  potted cordwood module in  this  approach  is con- 
s idered  an  unrepa i rab le  throw-away i t e m  ( F i g u r e  2 0 ) .  

b. Approach 2 

Microc i rcu i t  flat packs and d i s c r e t e  components with r ib -  
bon leads a r e  welded onto pr in ted-c i rcu i t  boa rds  in a p lanar  configura- 
tion. The pr inted-  c i r cu i t  boards  a r e  equipped with Cannon M i c r o s t r i p  
connectors  along one edge, which plug into mat ing  connec tors  on a 
mother  board.  
t e r  boards which a r e  so ldered  into the mother  board.  Thc daughter  
boards  a r e  coated with a ha rd  epoxy on the back and ure thane  on thc 
front.  Where  components  a r c  so ldered  to the pr inted-  c i rcu i t  boa rd ,  
the  urethane coating fac i l i t a tes  r e p a i r  and component rep lacement .  
p rac t ice ,  the daughtcr  board i s  cons idered  to be the s m a l l e s t  fcasiblc  
s p a r e  p a r t  i t em.  
mothe r  board in  this approach.  T h e  mothc r /daugh tc r  a s s e m b l y  i s  
shock mounted within a metal  housing by c o m p r e s s c d  rubbc>r pads .  
Flexiblc pr inted-circui t  cabling i s  used t o  connect thc mothclr bo<\rd to 
the input/output connec tors  ( F i g u r e  2 1 ) .  

Another technique u s e s  f ingers  extended f r o m  the daugh- 

I n  

Up to 26 daughtcr  boards  a r e  connected into a single 

c .  Approach 3 

Approach 3 i s  a l a r g i > r  vi ,rsion of Approac-li 2 i n  \ \ .hich t h c  
housing and mountings of thc individual priiitcd- c i r cu i t  boards  c1iiic.r. 
E a c h  pr inted-circui t  board bc3comes onc s i d e  o f  a vibr;\tion damping 
sandwich compr ised  of a 0. 1 -  inch v isco-  ( . lastic layer  bct\\.<,cln t h c x  back 
of the printcd- c i rcu i t  board and thc a luminum panel.  The, s t n t c ~ l i ~ t ~ n t  
w a s  madcx that this sant]\vich had 11c.c.n tr>stcd to 2000 g ’ s  \ \ , i t ] ]  111) a c l \ ~ c ~ r s t ~  
vffccts. 
a luminum housing such as  that sho\\,ii  i n  E’igurc 2 2 ,  and plug i l l t o  ;I 

Thcsc  sand\\.ichcs arc. hc~ld i l l  sp r ing  lonclt~d slots i n  ; I  <- ; \ s t -  
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printed- c i rcu i t  mo the r  board.  
the input/output connec tors .  In this l a r g e r  approach ,  r ad io  frequency 
in t e r f e rence  f i l t e r s  a r e  built into the back of the input plugs. 
sed  rubber  pads f loat  the a s s e m b l y  within the housing, and the unit has 
been run up to 200 g ' s  with no problems.  
is produced in one of the following ways: 

Flexible  printed cabling is' brought out t o  

Compres -  

The  housing o r  outside c a s e  

1)  Sand-cast  a luminum o r  magnes ium 
2 )  

3 )  Die cast ing.  

Inves tment -cas t  a luminum (356T6) as l a r g e  as 10 by 
6 by 5 inches 

Radiographic inspect ion is used  on f i r s t  production runs  of cas t ings  
only, s ince exper ience  has  shown that once the mold is per fec ted ,  pro-  
duction of perfect  cas t ings  is not a problem. 
subsequent to  hea t  t r e a t m e n t  of the cas t ings  as a check fo r  c r a c k s  in the 
meta l .  

Zyglo inspect ion i s  used 

d.  Interconnect ions and Wiring 

Space Craf t ,  Incorporated,  s tandard ized  on welding, man-  
ual ly  per formed,  as the method fo r  connections and interconnect ions.  
F o r  high rel iabi l i ty  jobs ,  Space Craf t ,  Incorporated,  h a s  developed a 
method of redundant welding f o r  joints.  
component l eads ,  interconnect ion r ibbons ,  and pr inted-  c i r cu i t  board  
foils.  

P u r e  nickel  is used  for  all 

Custom printed-cable  wir ing is  a big i t e m  at Space Craf t ,  Incorpo- 
ra ted .  This  approach  e l imina tes .wir ing  e r r o r ,  is l ight,  compact ,  h a s  
no inherent  vibrat ion p rob lems ,  and is competi t ive with hard  wir ing  
i n  production runs .  
shown by the access ib i l i ty  of the m i c r o - m i n i a t u r e  fold-over  module in 
F i g u r e  2 3 .  Space Craf t ,  Incorpora ted ,  u s e s  pr in ted-cable  runs  of up  
to  60 conductors in  a s ingle  l a y e r ;  t hese  evolve into a mul t i layer  con- 
f igurat ion for  te rmina t ion  at input/output connec tors .  
of the back of the pr in ted-c i rcu i t  boards  and the connec tors  is s imple  
with pr inted-cable  wiring. Space Craf t ,  Incorporated,  des igns ,  but does  
not make, the i r  printed- cable  wir ing;  however ,  they do  make  the i r  own 
pr in ted-c i rcu i t  boards.  

Another of the advantages of pr inted cabling is 

Encapsulat ion 

e.  T h e r m a l  Control  

Space Craf t ,  Incorpora ted ,  d o e s  not r e l y  on filled epoxy 
ma te r i a l s  for  t h e r m a l  conduction in the i r  encapsula ted  designs.  
Cra f t ,  Incorporated,  h a s  found that  the bery l l ium-  fi l led materials a r e  

Space 
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F i g u r e  23. Microminia ture  Module 
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sa t i s fac tory  f o r  this purpose but c e r a m i c  m a t e r i a l s  a r e  not. Neverthe-  
l e s s ,  they des ign  around the p rob lem by incorporat ing a luminum brac -  
ke t s  which over lay  the printed- c i r cu i t  board where  requi red  a n d  contact  
the outside housing in  the board mounting slots'. 
board is cut away to  allow the hea t  s ink plate to be formed in f lush with 
the board edge. 

The pr in ted-c i rcu i t  

17. Texas Instruments/Apparatus Division, Dal las,  Texas 

The Digital  Sys tems Branch  of Texas  Ins t rumen t s '  Apparatus  
Division h a s  a broad scope of e lec t ronic  packaging act ivi t ies .  
designs include devices  for  shipboard,  ground suppor t ,  a i r b o r n e  , and 
ae rospace  appl icat ions.  F ive  m a j o r  topics ,  which encompassed  the i r  
design cons idera t ions  , w e r e  reviewed and a r e  as follows: 

The i r  

1) P r in t ed -c i r cu i t  boa rds  
2 )  Volumetr ic  efficiency 
3 )  Miniature  connectors  
4) 
5) Enclosure  des ign  f ac to r s .  

Secondary connections in the in tegra ted  c i r cu i t  s y s t e m  

a. P r in t ed -Ci rcu i t  Boards  

The  f iber  g l a s s  G- 10 and G- 11 m a t e r i a l  with conductive 
l a y e r s  of copper ,  nickel,  o r  kovar  a r e  the bas ic  pr in ted-c i rcu i t  boa rds  
with which the Digital Sys tems Branch  des igns .  In pas t  work ,  they had 
favored the nickel  boards  with n a r r o w  conductor paths  , welded nickel 
ribbon- through connections and welded component l eads  ( F i g u r e  24) .  
Cur ren t  des igns  a r e  using the copper -c lad  boa rds  with etched isolat ion 
paths separa t ing  broad conductive a r e a s  , plated- through holes ,  and 
paral le l -  gap so lder ing  of individual component  leads .  
the Digital Sys tems Branch  is manual ly  fi l l ing the plated- through holes  
with solder .  
board i s  p resent ly  being evaluated and is expected to  be the s tandard  
technique in the nea r  future .  Reasons  given f o r  the changeover  f r o m  
nickel-clad boa rds  and welding to copper -  c lad b o a r d s  and so lder ing  
w e r e  as  follows: 

F o r  NASA des igns ,  

Single-shot hot-gas  so lder ing  of f la t  packs to the c i r c u i t  

1) 
2 )  
3 )  

4) 

5) 

Boards  a re  less expensive to  buy 
Ci rcu i t s  a r e  l e s s  expensive to  make  
Inherent  ground plane and shielding poss ib i l i t i es  with 
etched isolat ion path pr inc ip le  
Soldering p a r a m e t e r s  a re  not as c r i t i c a l  as welding 
p a r a m e t e r s  
Much be t te r  maintainabi l i ty  of c o p p e r /  so lde r  s y s t e m .  
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Mult i layer  boards  a r e  used  in  high densi ty  des igns  although the i r  u s e  
was  not favored  in the pas t  due to  the apparent  high cos t ,  However ,  a n  
in-house study showed that mul t i layer  board des igns  w e r e  comparable  
to l e s s  dense  des igns  i n  "cos t / semiconductor  network' '  a t  the s y s t e m  
level .  

b. Volumetr ic  Efficiency 

Within Texas  Ins t rumen t s '  design concepts ,  vo lumetr ic  
efficiency i s  de te rmined  by the semiconductor-network density.  The 
to ta l  package s i ze  de t e rmines  the allowable volume f o r  pr inted-  c i r cu i t  
board occupancy, and the s y s t e m  design de te rmines  the total  number  of 
semiconductor  networks that  a r e  needed. 
these  yields r e s u l t s  in  t e r m s  of the number  of semiconductor  networks 
pe r  pr inted-circui t  boa rd ,  the conductor path width and spacing,  the 
possible need fo r  mul t i layer  boa rds ,  the number  of input and output 
pins to the s y s t e m ,  etc.  
reviewed: 
stacked pancake fashion with m y l a r  film separa t ing  the c a s e s .  
cuit  interconnect ions w e r e  by ve r t i ca l  nickel  r ibbon welded to the 
q u a r t e r  twisted f la t -pack l eads  and te rmina ted  to output pins a t  the 
bottom, and the whole a s s e m b l y  was  potted into a cubic module.  
a i rbo rne  computer  ( F i g u r e  25) which used approximate ly  50 of these  
modules ,  a me ta l  plate was  potted in  a t  the top of each  module.  
the modules  mounted s ide  by s ide  on a mothe r  board ,  a l a r g e  f la t  
sur face  of m e t a l  module tops was a r r a y e d .  This  composi te  su r face  
contacted the lid of the outs ide package to provide a path for  t h e r m a l  
conduction f r o m  the module to the package to the f r a m e  of the c ra f t .  
Another example package using s tacked  in tegra ted  c i r cu i t  f la t  packs 
is  shown in  F i g u r e  26. 

Combinihg such  f a c t o r s  as  

Two techniques of high densi ty  packagingwere  
the f i r s t  was  a n  a s s e m b l y  of 12 in tegra ted-c i rcu i t  f la t  packs 

The c i r -  

In a n  

With 

The second technique to  high dens i ty  packaging was  the p lanar  
mounting of in tegra ted-c i rcu i t  f la t  packs to both s ides  of a min ia tu re  
mult i layer  pr inted-  c i r cu i t  board,  
was  16  f la t  packs per  13/4 by 2 inch board .  T h e s e  w e r e  a s sembled  by 
para l le l -gap  so lder ing  the f la t  pack leads  to copper  conductor pa t t e rns  
and conformal  coating the finished board .  An example  of these  double 
sided boards i s  shown i n  F i g u r e  27 .  

The  dens i ty  achieved with this  method 

The volumetr ic  efficiency of an  a i r b o r n e  computer  package,  using 
boards  such  as  desc r ibed ,  was  enhanced a t  the next l eve l  of a s sembly  
by a board inter leaving pr inciple .  Fac ing  mothe r  board p a i r s ,  with 
s m a l l  daughter boards  mounted n o r m a l  to the mothe r  board in eve ry  
other  available posit ion,  w e r e  brought  together  in  final a s s e m b l y  S O  

that the daughter  boards  meshed  o r  in te r leaved  much  l ike a var iab lc  

78 
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F i g u r e  25. An Airborne  Computer Uses 50 Modules 
of Stacked Flat P a c k s  
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air capaci tor .  
board des ign  (11- layer  boards  w e r e  used)  a t  v e r y  l i t t le  i n c r e a s e  in 
volume, and allowed a degree  of a c c e s s  to the individual daughter  
boards for checkout and rep lacement  which would not o therwise  have 
been possible.  A single  a s sembly  consis ted of one hundred twenty 
2 by 2 .5  inch daughter  boards  which plugged into the mothe r  board 
through Cannon Micropin connectors .  
was  a s s u r e d  by the i r  top edges fitting between the connector  b a s e s  of 
the adjacent daughter  boa rds  on the opposed mothe r  board  half. 

This  a r r a n g e m e n t  permi t ted  a l e s s  complicated mothe r  

Stability of the daughter  boa rds  

c .  Miniature  Connectors  

Texas  Ins t rumen t s '  se lect ion of minia ture  connec tors  f o r  
the i r  designs include such  consideTations a s ;  allowable space  for  the 
connector ,  pin configuration, keying, and environmental  c r i t e r i a ,  i .  e .  , 
effects of vibration, shock humidity,  e tc .  In genera l ,  Texas  Ins t rumen t s  
f avor s  the edge mount connectors  and has  s tandardized on 156, 
and 50 mil pin center  types.  It is  n e c e s s a r y  to key the s m a l l  integrated 
c i rcu i t  p lanar  boards  both for  placement  of the var ious  c i rcu i t  functions 
on the mother  board and f o r  or ientat ion of a given board in the connector  
socket .  They have devised s e v e r a l  s c h e m e s  to  accompl ish  this ,  one i s  
a s y s t e m  of placeable tabs  in the connector  socket  that  engage mat ing  
s lo ts  in  the etched-f inger  plug on the board  edge. A l a r g e  number  of 
combinations is available.  

100 ,  

d. Secondary Connections in  the Intcgrated Ci rcu i t  Sys t em 

This  broad subject  which has  been touched upon in  s e v e r a l  
previous pa rag raphs  includes mul t i layer  board  techniques,  effects  of 
potting, fu r the r  cons idera t ions  of connector  types ,  mounting, and space  
requirerncnts ,  and point- to- point wiring. The l a t t e r  i s  an old " standby" 
method which i s  s t i l l  used for  l imited production shipboard and ground- 
support  equipment.  
Point  c r i m p  connectors  as  a means  of fastening the ha rd  wir ing to the 
connector- socket  t e rmina l s .  
nection made ,  the e a s e  of disconnect ing and reconnect ing w i r e s  when 
necessa ry ,  and the abil i ty to connect t h r e e  to four w i r e s  to the same 
terminal .  

Texas  Ins t ruments  h a s  adopted thc A M P  T e r m i -  

Texas  Ins t rumen t s  lilies the type of con- 

e .  Enclosure  Design F a c t o r s  

In addition to  such  f a c t o r s  a s  appl icat ion,  spai.cl, \\.c.isht, 
s i z e ,  and environmental  r equ i r emen t s  i n  thc. design L)i c ~ n c l c ~ s u r t ~ s ,  
Texas  Instruments  cons ide r s  maintainabili ty of the c i r c u i t ,  Illoulltll2g 

methods for  the enc losu rc ,  appearance ,  and producibil i t) . .  Thttir b road  
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scope r e q u i r e s  everything f r o m  heavy shee t  m e t a l  d r a w e r s  with s tamped 
in  c a r d  guides for  shipboard appl icat ion to small, rugged,  mil led f r o m  
solid block housings fo r  a e r o s p a c e  devices .  
i t e m s  with modera t e  vibrat ion r equ i r emen t s  ( 2 0  g,  200 H z ) ,  Texas  
Ins t ruments  p r e f e r s  the dip- b razed  a s sembly  method fo r  production of 
housings because of inexpensive tooling. 
quant i t ies  of 100, a luminum cas t ings  a r e  used.  

F o r  m e d i u m  production 

Where production exceeds  

8 3  



Appendix B 

A SELECTED BIBLIOGRAPHY ON ELECTRONIC PACKAGING 

The following bibliography having 86 a b s t r a c t s  is in e s sence  an  
addendum to a previous r e p o r t  enti t led,"Electronic Packaging: 
Bibliography, I f  RSIC Repor t  No. 534. 
raphy includes m o r e  r ecen t  information obtained during the f i r s t  s i x  
months of 1966 as well  a s  a sl ightly expanded scope of open l i t e r a t u r e  
coverage.  

A 
The information i n  this  bibliog- 

This  bibliography was defined a s  a v e r y  minor  portion of the survey ,  
However,  s o  the coverage is incomplete  (even for the t ime  period c i ted) .  

it provides  a substant ia l  addition toover  400 a b s t r a c t s  l i s ted  in  the 
previous r epor t .  
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SELECTED BIBLIOGRAPHY 

1. Allen,  B. M. and Rubin, W .  
THE E F F E C T  O F  MINOR CONSTITUENTS O F  SOFT SOLDER, 
Indus t r ia l  E lec t ronics  , November 1964, pp. 534-536. 

A rev iew is given of the effect  of minor  me ta l l i c  cons t i t -  
uents  on t in- lead and s i m i l a r  alloys used  as  sof t  so lder  for  
e l ec t r i ca l  joints with r e fe rence  to the possibi l i ty  of modifying 
so lde r s  for  spec ia l  purposes  by additions of such  m e t a l s .  

2 .  Amour ,  W .  G. , Klein, E.  A., and Lenhar t ,  D. D. 
ELECTRONIC PACKAGING IN THE PHOENIX MISSILE, 
I E E E  Transac t ions  on P a r t s  , Mate r i a l s ,  and Packaging,  
V o l .  P M P - 1 ,  N o .  1, June  1965, pp. s -237-s -247 .  

This  paper  contains a descr ip t ion  of the concepts  and 
techniques used  in  the e lec t ronic  packaging of the Phoenix 
Miss i l e  Elec t ronics  Unit. The  unit  cons is t s  of e tched c i r c u i t  
c h a s s i s  p a i r s  sandwiched Getween hea t  t r a n s f e r  panels .  The  
sandwiches of heat  t r a n s f e r  panels and c h a s s i s  a r e  c o m p r e s s e d  
by end plates .  C i r cu i t s  such  as logic ne tworks ,  audio a m p l i -  
f i e r s ,  and high gain DC ampl i f i e r s  a r e  packaged in  unique, 
welded, plug-in modules ;  c i rcu i t s  such  as  IF ampl i f i e r s  and 
crys ta l -cont ro l led  osc i l l a to r s  a r e  packaged in individual 
welded modules  contained within aluminum inves tment  c a s t -  
ings.  
providing t h e r m a l  control  and s t r u c t u r a l  in tegr i ty .  

The o ther  m a j o r  f ea tu res  desc r ibed  a r e  methods of 

86 

3. Anderson,  J. E . ,  D r .  and Jackson ,  J. E. 
LASER WELDING--WHERE I T  STANDS TODAY, Mate r i a l s  
in Design Engineer ing,  V o l .  61, N o .  2, F e b r u a r y  1965, 
pp. 92-96. 

Laser welding can now be  cons ide red  as a useful  joining 
method,  notably fo r  e lec t ronic  and o ther  small a s s e m b l i e s .  
The high rad ian t  power pe r  uni t  c r o s s - s e c t i o n a l  a r e a  of 
l a s e r s  reduces  the energy  input r equ i r ed  to  produce a weld, 
thus reducing s i z e  of the hea t  a f fec ted  zone. S ince  the hea t  
s o u r c e  i s  a light beam,  d i r e c t  contact  with the work-p iece  is 
not n e c e s s a r y .  Also,  welding can  be pe r fo rmed  through 
t r anspa ren t  m a t e r i a l s  , in any a t m o s p h e r e ,  and without using 
c lec t rodcs .  The  optimum l a s e r  output r e q u i r e d  for  welding 



depends on the absorptivity,  thermal  conduction, density,  
hea t  capacity,  melting point, and s u r f a c e  condition of the 
me ta l s  to  be joined, as well as on the durat ion of the l a s e r  
pulse .  Joint s t rength ,  joint r e s i s t ance ,  and process ing  da ta  
for  a var ie ty  of me ta l s  and wire  joint  configurations a r e  
l is ted.  

4. Author Unknown 
PLASTIC FOAMS, Mater ia l s  in Design Engineering, Vol. 63, 
No. 5 ,  May 1966, pp. 87-102. 

Plastic foams a r e  cel lular  m a t e r i a l s  made  by chemical ly  
o r  mechanical ly  expanding r e s i n s .  
ce l l s  which can  ei ther  be closed o r  open. 
s t r u c t u r e  of the plast ic  provides good cushioning cha rac t e r  - 
i s t i c s  and v e r y  light weight. 
foamed,  they can  be provided with a wide range  of e l ec t r i ca l  
p rope r t i e s  and r e s i s t ance  to chemicals ,  weathering, and heat.  
Because  of the i r  unique proper t ies ,  they can be used for  t h e r -  
mal o r  acous t ic  insulation, flotation, f i l tration, e l ec t r i ca l  
insulation, and packaging. 

The  foams consis t  of many 
The cel lular  

Depending on the r e s i n  that  i s  

5. Author Unknown 
RADICALLY NEW JOINING METHODS SIMPLIFYING AND 
IMPROVE PACKAGING O F  MICROELECTRONIC CIRCUITS, 
Society of Automotive Engineers  Journa l ,  Vol. 73 ,  No. 9 ,  
September  1965. 

Recent  r ad ica l  advances in microe lec t ronic  c i rcu i t s ,  
especial ly  the integrated and thin-fi lm f o r m s ,  a r e  bringing 
equally r ad ica l  advances i n  the methods used  to join these 
mic roc i r cu i t s  into m o r e  useful e lec t ronic  sys  tems .  Many 
r e s e a r c h e r s  have now turned to semiwelding o r  diffusion 
joining p r o c e s s e s  for  connections used  at the c i rcu i t  level  
r a t h e r  than the older  fusion welding and solder ing p r o c e s s e s .  
The  tiny a s sembl i e s  produced by microe lec t ronic  techniques 
demand m o r  e protect ion than di s c r  e te  component c i r cu i t s  , 
and improved  methods of applying epoxy encapsulation a r e  
being developed. 
a r e  being evolved such  as  the flat-pack sys t em,  which i s  said 
to  combine the bes t  qualities of planar  (2-dimensional)  pr inted-  
c i r cu i t  packaging and welded cordwood packaging. 

New packaging s y s t e m s  for  mic roc i r cu i t ry  
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6. Author Unknown 
RESISTANCE: FIRST CHOICE FOR WIDE RANGE O F  
MINIATURE JOINING, Welding Engineer ,  F e b r u a r y  19 65, 
pp. 42-46. 

All  r e s i s t ance  welding equipment cons is t s  of a head 
mechan i sm which is basical ly  a n  e lec t rode  holder  and a power 
supply.  The e lec t rodes  a r e  of m a j o r  impor tance  because  
they conduct the c u r r e n t  to the workpiece and provide the 
n e c e s s a r y  fo rce  fo r  p rope r  forging action. 
i s t i c s  f o r  an e lec t rode  a r e  l is ted,  and the  p rope r  e lec t rode  
shapes  for  var ious  applications a r e  given. 
techniques such  as sandwich w.elding, s e r i e s  welding, and 
ind i r ec t  welding have been developed for  r e s i s t a n c e  welding 
of e l ec t r i ca l / e l ec t ron ic  p a r t s .  

The  idea l  c h a r a c t e r -  

S e v e r a l  spec ia l ized  

7 .  Author Unknown 
RESISTANCE WELDING O F  ELECTRONIC MODULES A T  
NASA's GODDARD SPACE FLIGHT CENTER,  Assembly  
Engineer ing,  V o l .  8 ,  No. 3 ,  M a r c h  1965, pp. 20-22. 

One of the impor tan t  functions of the Goddard Space  Fl ight  
Cen te r  is the layout and a s sembly  of high rel iabi l i ty  r e s i s t a n c e  
welded modules .  
w i r e s  a r e  mechanical ly  and meta l lurg ica l ly  analyzed for  
physical  p rope r t i e s  and composi t ion p r i o r  to  de te rmining  weld 
schedules .  
of the welded modules  a r e  d iscussed .  

A l l  component leads and interconnect ing 

Equipment  and p rocedures  used  fo r  t e s t  production 

8. Author Unknown 
SHIELDING AND GROUNDING FOR INSTRUMENTATION 
SYSTEMS, Elec t romechanica l  Design, V o l .  10,  No. 2 ,  
F e b r u a r y  1966, pp. 52-57 .  

Bas ic  considerat ions for  the bes t  shielding and ground 
prac t ices  in  ins t rumenta t ion  a r e  p re sen ted  in  the f o r m  of 
ru les  which give insight  into the c o r r e c t  u s e  and appl icat ion of 
single-ended and different ia l  a m p l i f i e r s .  
applied to mult is ignal  s y s t e m s  with the i r  complex  grounding 
and a c  power r equ i r emen t s .  

T h e s e  r u l e s  a r e  then 



9 .  Author Unknown 
ULTRASONIC WELDING, Machine Design, Vol. 36, No. 9 ,  
9 Apr i l  1964, pp. 130-132. 

F o r  c e r t a i n  applications , production techniques a r e  i n  
daily us  e f o r  welding both a luminum/a luminum and 
a luminum/d i s s imi l a r  metal welds. T h e s e  techniques have 
been establ ished by sett ing s tandards  for  welding -machine 
set t ings , s u r f a c e  prepara t ion ,  joint-design f ac to r s ,  and 
spec ia l  welding a tmosphe res .  

10. Author Unknown 
VISUAL INSPECTION STANDARDS FOR PARALLEL-GAP 
SOLDERED JOINTS, Electronic  Design News, M a r c h  1966, 
5 PP. 

The  many  v isua l  inspection s t anda rds  presented  a r e  the 
r e s u l t s  of a study that was made  by using para l le l -gap  
so lder ing  techniques to connect in tegra ted-c i rcu i t  flat packs 
to  etched c i r c u i t  boards .  

11.  Bergan ,  M. D . ,  Kaufmann, J . ,  and Cour t e r ,  R. C.  
SPLICES,  MULTISPLICES, AND CLOSED-END CONNECTORS, 
A s s e m b l y  Engineer ing,  Vol. 7 ,  No. 3, M a r c h  1964, pp. 40-43. 

So lde r l e s s  sp l ices ,  o r  joints,  between two o r  m o r e  w i r e s  
can  be  m a d e  d i rec t ly  with s e v e r a l  devices  that  have been 
developed specif ical ly  for  this purpose .  These  devices ,  which 
e l imina te  the need for  a t e rmina l  block as the in t e rmed ia t e  
wi re  connection point, include sp l i ces ,  mul t i sp l ices ,  and 
closed-end connectors  o r  pigtails .  

12. Bergan,  M. D . ,  Kaufmann, J . ,  and Cour t e r ,  R. M. 
SPECIAL-PURPOSE CONNECTORS, Assembly  Engineer ing,  
Vol. 7 ,  No. 4, Apr i l  1964, pp. 32-37. 

T o  m e e t  the wide var ie ty  of e l ec t r i ca l  connection r e q u i r e -  
m e n t s  encountered in  product a s sembly ,  a l a r g e  se lec t ion  of 
spec ia l -purpose  types of so lde r l e s s  connectors  has  been  
developed. This  a r t i c l e  examines the f o r m s ,  f ea tu re s ,  and 
a s s e m b l y  r equ i r emen t s  of s o m e  of the m o r e  common types 
of these  devices ;  disconnect sp l i ces ,  t e rmina l s  and connectors  
f o r  shielded and coaxial  cable,  and high density wir ing 
connection’s. 
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13. Browning, G. V .  and B e s t e r ,  M. H. 
EXPERIMENTAL EVALUATION O F  RELIABLE SOLDERING 
PROCESS, Proceedings  of the Ninth National Symposium on 
Reliabil i ty and Quality Control ,  1963, pp. 211-221. 

Labora tory  t e s t s  to s e l ec t  opt imum p a r a m e t e r s  for  
re l iab le  so lder ing  w e r e  conducted with emphas i s  on flux types ,  
c leanl iness ,  component lead and board  m a t e r i a l ,  so lder ing  
t i m e  and t e m p e r a t u r e ,  and mechanica l  f ac to r s .  Conclusions 
emphas ize  the complexity of t e s t s  and cont ro l  of va r i ab le s  
needed to se l ec t  opt imum p r o c e s s  p a r a m e t e r s .  

14. C alif o rn i  a Ins ti tut e of T e c hnol o gy , J e t  Pr opul s ion Labor  at  o r  y , 
Pasadena ,  Cal i fornia  

PACKAGING: THE BOTTLENECK O F  MICROMINIATURIZA- 
TION by L. Katzin,  Repor t  No. NAS 7-100 (Unclassif ied 
Repor t ) .  

Simplici ty  is the m i s s i n g  ingredient  in today 's  m i c r o m i n -  
i a t u r e  packaging technology. A s  a r e s u l t ,  the genera t ion  of 
mic romin ia tu rc  hardware'  is  dependent on inadequate human 
sk i l l s  and nonapplicable design r e s t r i c t ions  and manufac tur ing  
l imitat ions to build sho r t - run ,  highly r e l i ab le  ye t  r epa i r ab le  
hybrid s y s t e m s ,  with a min imum of cos t  and lead t ime.  
is  obviously no panacea that  will sa t i s fy  all r equ i r emen t s  f o r  
all s y s t e m s .  However ,  automation is a method of opt imizing 
t radeoffs  for  specif ic  applications.  

T h e r e  

15. Chance Vought Corpora t ion ,  Dal las ,  Texas  
EVALUATION O F  PROTECTIVE ELECTRICAL COATINGS, 
Author  Unknown, 15 M a r c h  1962, CVR R e p o r t  No. 
2-53420/2R374, Four th  Quar t e r ly  Repor t ,  Con t rac t  No. 
A F  33(616)-7986 (Vol.  2, P h a s e  I, Phys ica l  P r o p e r t i e s  of 
Somc Engineer ing Mate r i a l s  - Unpublished Data F r o m  Company 
Sponsored P r o g r a m s ,  1 December  1961 - 2 8  F e b r u a r y  1962, 
pp. 5-8) (Unclassif ied Repor t ) .  

E lec t ronic  c i r cu i t s  function m o r e  re l iab ly  when pro tec ted  
f r o m  mois tu re ,  co r ros ion ,  fungus,  and d i r t .  Th i s  pro tec t ion  
m a y  be obtained by coating e lec t ronic  c i r cu i t s  with m a t e r i a l s  
possess ing  sui table  e l ec t r i ca l  and phys ica l  p r o p e r t i e s .  
protect ive m a t e r i a l s  have been s c r e e n e d  at Chance  Vought 
Corporat ion for  u s e  on t e rmina l  and pr in ted  c i r c u i t  boa rds .  
the m a t e r i a l s  s c reened ,  P R  905 and Eccocoa t  V E  appea r  to  
sat isfy the major i ty  of thc d e s i r e d  p r o p e r t i e s .  In addition, 

Var ious  

Of 
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a new product,  PS 798  (previously XWC45041), appeared  very  
promis ing  in p re l imina ry  tes t s  and is a l s o  evaluated. 

16. Chance Vought Corporat ion,  Dallas,  Texas  
EVALUATION O F  RIGID ELECTRICAL EMBEDMENT COM- 
POUNDS FOR USE FROM -55" TO 125"C, Author Unknown, 
15 M a r c h  1962, CVR Repor t  No. 2-53420/2R374, Four th  
Quar te r ly  Report ,  Contract  No. A F  33(616) -7986 (Vol. 2 ,  
P h a s e  I, Phys ica l  P r o p e r t i e s  of Some  Engineer ing Mater ia l s  - 
Unpublished Data F r o m  Company Sponsored P r o g r a m s ,  
1 December  1961 - 2 8  Februa ry  1962, pp. 27-31) 
(Unclassif ied Report) .  

A r igid e lec t ronic  embedment compound is  requi red  for  
u s e  in  computer  modules .  
function at t empera tu res  ranging f r o m  -55" to 125°C. Shell  
Epon 828 has  excellent physical, e l ec t r i ca l ,  and handling 
p rope r t i e s  when catalyzed with Shel l  cur ing  agent  Z .  Epon 
8 2 8  r e s i n  catalyzed with curing agent  D yielded equivalent 
e l ec t r i ca l  p rope r t i e s  but slightly poore r  physical  p rope r t i e s ,  
i. e . ,  r e s i s t a n c e  to the rma l  shock,than the curing agent D 
yielded equivalent e l ec t r i ca l  p roper t ies  but sl ightly poorer  
physical  p rope r t i e s ,  i. e . ,  r e s i s t ance  to t h e r m a l  shock, than 
the curing agent Z ,  Epon 828 mix. In  addition, the worklife 
of the cur ing  agent  D, Epon 828 mix had too l i t t le  worklife for  
continuous o r  automated operation. 

These modules  a r e  requi red  to 

17. Change Vought Corporat ion,  Dallas,  Texas 
EVALUATION O F  ELECTRONIC EMBEDMENT MATERIALS 
FOR USE AT 450"F,  Author Unknowri, 15 M a r c h  1962, CVR 
Repor t  No. 2-53420/2R374, Fourth Quar te r ly  Repor t ,  
Con t rac t  No. A F  33(616)-7986 (Vol.  2 ,  P h a s e  I, Phys ica l  
P r o p e r t i e s  of Some Engineering Mate r i a l s  - Unpublished Data 
F r o m  Company Sponsored P r o g r a m s ,  1 December  1961 - 
28 F e b r u a r y  1962, pp. 32-40) (Unclassif ied Report) .  

E lec t ronic  modules embedded p e r  s tandard  procedure  have 
not  pe r fo rmed  well during moi s tu re  environment  qualification 
of certain e lec t ronic  equipment. 
t h e  qualification of improved m a t e r i a l s  for  this purpose.  In 
addition, s o m e  growth potential with r e s p e c t  to  t empera tu re  
l imitat ions is des i red .  Minnesota Mining and Manufacturing 
E C  1663 embedment  compound has  excel lent  e l ec t r i ca l  and 
physical  p rope r t i e s  for module embedment  applications.  
exper imenta l  compound, XD -9 1 1845, will rcqui r  e fur ther  

This  condition necess i ta ted  

The  
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development by the manufac turer .  The  e l ec t r i ca l  p rope r t i e s  
of XD-911845 fe l l  sharp ly  as the t empera tu re  was inc reased .  

18. Chance Vought Corporat ion,  Dallas , Texas  
EVALUATION O F  POTTING COMPOUNDS FOR 500°F 
APPLICATIONS, Author Unknown, 15 M a r c h  1962, CVR 
Repor t  No. 2-53420/2R374, Four th  Quar te r ly  Repor t ,  Cont rac t  
No. A F  33(616)-7986 (Vol. 2 ,  P h a s e  I, Phys ica l  P r o p e r t i e s  
of Some Engineering Mater ia l s  - Unpublished Data F r o m  
Company Sponsored P r o g r a m s ,  1 December  1961 - 28 F e b r u a r y  
1962, pp. 41 -44) (Unclassif ied Report) .  

Increas ing  t empera tu re  r -equirements  i n  a i r c r a f t  and 

Dow Corning RTV 501 and Minnesota Mining 
m i s s i l e s  have indicated a need for  high t empera tu re  potting 
compounds. 
and Manufacturing EC 1663 w e r e  the m o s t  sa t i s fac tory  
compounds tes ted.  
ca ta lys t  m e e t s  the physical and e l ec t r i ca l  r equ i r emen t s  but 
h a s  a s h o r t  worklife and is difficult to mix proper ly .  
E l e c t r i c  RTV 81813 was the prototype m a t e r i a l  to RTV-60 
and had unsat isfactory high t e m p e r a t u r e  p rope r t i e s .  
792 a l so  had poor high t e m p e r a t u r e  cha rac t e r i s t i c s .  

Genera l  E lec t r i c  RTV 60 plus T-12 

Genera l  

P r o s e a l  

19. Chance Vought Corporat ion,  Dallas , Texas  
EVALUATION O F  MATERIALS FOR USE AS ELECTRICAL 
ENCAPSULATION COMPOUNDS, Author Unknown, 15 M a r c h  
1962, CVR Repor t  No. 2-53420/2R374, Four th  Quar t e r ly  
Report ,  Cont rac t  No. A F  33(616)-7986 (Vol. 2 ,  P h a s e  I, 
Phys ica l  P r o p e r t i e s  of Some Engineer ing Mate r i a l s  - 
Unpublished Data F r o m  Company Sponsored P r o g r a m s ,  
1 December  1961 - 28 F e b r u a r y  1962, pp. 49-52) 
(Unclassif ied Report) .  

The purpose  of this t e s t  i s  to c o m p a r e  the p rope r t i e s  
of EC 1293 and P r o s e a l  727 fi l led with quar tz  for  u s e  as an  
e l ec t r i ca l  encapsulation compound. 
physical  r equ i r emen t s .  
7 2 7  plus quar tz  failed was working time. 
e v e r y  e l ec t r i ca l  t e s t  per formed.  

EC 1293 m e e t s  a l l  
The  only physical  t e s t  that  P r o s e a l  

P r o s e a l  727 passed  



20. Cohen, N. I. andSosoka ,  J. R. 
ELECTRONIC PACKAGING ENGINEERS DEVELOP NEW 
WAYS O F  FASTENING FLAT-PACKS TO MOTHERBOARDS, 
Society of Automotive Engineers  Journal ,  Vol. 74, No. 6 ,  
June 1966, pp. 53-58. 

Two new ways of putting electronic  s y s t e m s  together  have 
been developed that provide inc reased  flexibility and reliabil i ty 
at a reasonable  cost .  With the S p e r r y  method, the conventional 
pr in ted-c i rcu i t  board  is broken down into two levels  a s  follows: 

1) Smal l  groups of the integrated-circui t  modules  a r e  
init ially ass embled onto the diminutive c a r r i e r  
boards.  
L a r g e r  groups of c a r r i e r  boards a r e  mounted onto 
the motherboards .  

2)  

T h e  Weldmatic method u s e s  an automated welder  to weld the 
e l ec t r i ca l  connections between the flat-pack leads and the 
motherboard-c i rcu i t  wiring. 
ing head and moving c a r r i e r  belt  is used for  the motherboard .  

The combination of a moving weld- 

21. Davis,  B. A. 
POTTING PROBLEMS RELATED TO PACKAGING DESIGN, 
Second Internat ional  Electronic  Ci rcu i t  Packaging Symposium, 
Advances in  Elec t ronic  Ci rcu i t  Packaging, Vol. 2,  pp. 77-89. 

In a p re l imina ry  investigation of the phenomenon of f i s s u r e  
format ion  in  a r igid epoxy-curing agent  combination, it was 
found thatnonuniform shrinkage of the cu red  mass is re la ted  to 
wetting effects  of the liquid m a t e r i a l  p r i o r  to  gelation. 
wetting takes  place,  the m a t e r i a l  is prevented f r o m  max imum 
shr inkage  during polymerization, such  as occur s  in  cu red  
mixes  that do not wet a surface.  The  resu l tan t  is a n  ove r -  
s t r e s s e d  a r e a  in  the m a t e r i a l  which f o r m s  a f i s s u r e  upon 
sudden applications of low tempera ture .  Sur face  tension 
measu remen t s  indicate that the wetting effect  of epoxy r e s i n  
is  inc reased  when ha rdene r s  and f i l l e r s  are  added. 

When 

22 .  Disque, F. C . ,  J r .  
THE USE O F  ROSIN AND ACTIVATED ROSIN FLUXES, 59th 
ASTM Symposium on Solder ,  1956, pp. 64-70. 

This  paper  reviews briefly the h is tory  of ros in  base  
f luxes and points up the need for a be t te r  understanding of the 
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types avai lable  and the i r  advantages.  
cen ter ing  around the proper t ies  of the flux r e s idue  and i t s  
e f fec t  on the e l ec t r i ca l  c i rcu i t .  With the i n c r e a s e d  u s e  of 
pr inted wiring, the conductivity of the flux r e s idue  has  become 
considerably m o r e  impor tan t  than i t s  co r ros ion  potential. 

The re  is a cont roversy  

23. Douglas A i r c r a f t  Company, Incorpora ted ,  Santa  Monica, 

STRESS ANALYSIS O F  ENCAPSULATION MATERIALS FOR 
WELDED MODULES by M. H. Smith,  F e b r u a r y  1966, 
AD 628833 (Unclassif ied Repor t ) .  

Cal i fornia  

During the encapsulation p rocess  and subsequent  t h e r m a l  
cycling, sens i t ive  components and interconnect ions within 
welded modules  a r e  degraded by s t r e s s e s  induced i n  the f i l led 
epoxy m a t e r i a l s .  The epoxy encapsulation m a t e r i a l s  exhibited 
r e s idua l  compress ive  s t r e s s e s  due t o  the ini t ia l  c u r e  of r e s i n .  
T h e r m a l  cycling subs tantially i n c r e a s e s  these compress ive  
s t r e s s e s  at the lowest  t empera tu res .  
r eco rded  during the elevated t e m p e r a t u r e  phase  of the t e s t .  
Compress ive  s t r e s s e s  we.re produced a s  the cycle  was 
completed forming a c losed h y s t e r e s i s  loop, c h a r a c t e r i s t i c  of 
these  m a t e r i a l s ,  on the s t r e s s  v e r s u s  t e m p e r a t u r e  cu rve .  
Within a typical cordwood welded module with component 
density levels  of 10 to 30 percent ,  the s t r e s s  levels  w e r e  
reduced by increas ing  levels  of component loading. 
densi ty ,  microbal loon-f i l led Sycas t  1090/  11 epoxy m a t e r i a l  
exhibited significantly lower,  m o r e  uni form tens i le  and 
compress ive  s t r e s s e s  than the medium-densi ty ,  minera l - f i l l ed  
Hysol 4215/3561 (9709466, Type I) epoxy m a t e r i a l  within this 
s a m e  t e s t  configuration. 

Tens i le  s t r e s s e s  w e r e  

The low 

24. Economon, T. (Ed i to r )  
RACK AND PANEL CONNECTORS, Elec t romechanica l  
Design, V o l . .  10, No. 3 ,  pp. 50-58. 

Design data  and pe r fo rmance  data  a r e  given for  var ious  
connectors .  
covered  by mi l i t a ry  specif icat ions a s  denoted by m a n u f a c t u r e r ' s  
data  

These  connector  des igns  a r e  not specif ical ly  

but have potential  mi l i t a ry  and  nonmi l i ta ry  appl icat ions.  



25. Elec t ronic  Defense Labora tor ies ,  Mountain View, 
Cal i fornia  

MULTILAYER BOARD APPLICATION TO R F  CIRCUITRY 
by M. Hurowitz and W.  E. Berg,  24 November 1965, 
EDL-M889, AD 629890, Contract  No. DA 28-043 AMC-O0379(E) 
(Unclassif ied Repor t ) .  

Applications of miniatur izat ion techniques to l inear  c i r cu i t s  
i n  the v e r y  high and ul t rahigh frequency ranges  have been made  
successful ly .  
mult iple  l aye r  printed c i rcu i t  interconnect ion boards  provide an  
additional method of producing mic roe lec t ron ic  a s s e m b l i e s .  
The  geometry  enforces  uniform packaging which allows for  
high systems-densi ty .  
mic roe lec t ron ic  e lements  and conventional components.  
pe r fo rmance  of microe lec t ronic  reac t ive  components continues 
to be a problem. Even with the development of monolithic,  
l i nea r ,  in tegra ted  c i rcu i t s  , the nonstandard na tu re  of the 
equipment built  by SES-W/EDL will  r equ i r e  customizing of 
the r e sponse  cha rac t e r i s t i c s .  

The techniques of using extruded c h a s s i s  with 

The form is compatible with both 
The 

26. E m e r s o n  and Cuming, Incorporated,  Canton, Massachusse t t s  
DEVELOPMENT O F  INORGANIC FOAM MATERIAL O F  
CONTROLLED DIELECTRIC PROPERTIES FOR HIGH 
TEMPERATURE SERVICE, Author Unknown, 18 December 
1958, NOas 570357-c, Final  Repor t ,  5 November 1956 - 
15 December  1958 (Unclassified Report) .  

A low density,  f ine-grained s t r u c t u r a l  m a t e r i a l  capable of 
withstanding 900" F has  been developed by autogenous bonding 
of tiny g l a s s  bubbles. Emerson  and Cuming, Incorporated,  
manufac tures  these  bubbles under  the t r ade  name,  
"Eccospheres .  " R e s e a r c h  on bonding techniques including 
s i l icone r e s i n  bonds as well  as the autogenous bond i s  descr ibed .  
Th i s  s t r u c t u r a l  m a t e r i a l  has been modified by additions of 
a luminum flake or  t i tanium dioxide powder to give controlled 
d i e l ec t r i c  constant  s t ruc tu res  having relat ively low d ie l ec t r i c  
l o s s .  

27. Flagg,  W.  and Lake, H. 
A SUCCESSFUL APPROACH TO VERTICAL STACK 
ASSEMBLIES O F  FLAT PACKAGED MICROCIRCUITS, 
Elec t ronic  Components Conference,  1966, Washington, D. C.  , 
pp. 280-284. 

Spacecraf t  weight and volume allowances fo r  the digital  
cont ro ls  on the NASA ATS P r o g r a m  Despun Antenna demanded 
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modular  vo lumetr ic  efficiency that  can only be achieved by 
s tacking f la tpacks.  
connection of f la tpacks with attendant high rel iabi l i ty  r e q u i r e -  
men t s  dictated development of new and novel approaches  to  
interconnect ions.  
des ign  s tage,  it was n e c e s s a r y  to  have a flexible technique S O  

tha t  c i r cu i t ry  changes would be accomodated without l o s s  of a 
s t a c k  o r  i t s  component pa r t s .  
connection webs and l adde r s  a s  descr ibed  i n  this paper  avoided 
the pitfalls  and proved to be the way to a success fu l  v e r t i c a l  
s tacked  a s sembly  of flat packaged mic roc i r cu i t s .  

The need fo r  efficient high density in t e r  - 

Since the s y s t e m  c i r cu i t ry  was s t i l l  i n  the 

The development of in te r  - 

28. F o s t e r ,  F. G. 
EMBRITTLEMENT O F  SOLDER BY GOLD FROM PLASTED 
SURFACE, 65th ASTM Symposium on Solder ,  1962, pp. 1.3-19. 

Poor  joints a r e  often encountered while so lder ing  gold- 
plated p a r t s .  Although the so lder  wets the p a r t s ,  roughness ,  
poros i ty ,  and br i t t l eness  m a y  be  p re sen t .  This  is pa r t i cu la r ly  
t r u e  where the gold plate is heavy and the amount  of so lde r  is 
s m a l l .  Microscopic  study shows the p re sence  of long, ha rd ,  
white c r y s t a l s  in  the so lde r  of such  joints .  
va r ious  concentrat ions of gold in  60-40 t in- lead so lde r  and i n  
t in  and lead  a r e  repor ted .  

The effects of 

29. Fulton, D. 
A NUMERICAL RATING SYSTEM FOR CHOOSING ELECTRICAL 
CONNECTIONS, Machine Design, Vol. 26, No. 18, 30 July 
1964, pp. 102-107. 

The sys t em descr ibed  h e r e  is the first m a j o r  a t tempt  to 
a s  s ign numer i ca l  va lues ,  weighted by application, to  connection 
se lec t ion  f ac to r s .  Compara t ive  c o s t  pe r  joint  and pe r fo rmance  
under  var ious environmental  conditions a r e  not  cons idered .  
The  m e r i t  index d e r i v e s  a s ing le  number  r ep resen t ing  the 
des i rab i l i ty  of using a pa r t i cu la r  connection method so le ly  
f r o m  operat ing exper ience .  This  index number  is the s u m  of 
a s  many select ion f a c t o r s  a s  a r e  per t inent  to  the decis ion;  the 
higher  the number ,  the m o r e  d e s i r a b l e  the connection. 
Although m o r e  f ac to r s  could be  cons idered ,  p r a c t i c a l  exper ience  
d ic ta tes  inclusion of at l e a s t  10; joint  life, connection densi ty ,  
compat ibi l i ty ,  p repara t ion ,  mass producibi l i ty ,  p r o c e s s  
control  requi red ,  inspectabi l i ty ,  r e p a i r  t ime ,  r e p a i r  sk i l l ,  
and maintenance tools needed. 
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30. Gal lacher ,  L. V .  
HEAT SINKS AND ENCAPSUIANTS FOR VOLUMETRIC 
PACKAGING, Advances in Elec t ronic  Ci rcu i t  Packaging, 
S e c ond Internat ional  Electronic  C i rcu i t  Packaging S ympos ium,  
Boulder ,  Colorado, Vol. 2, 7 6  pp. 

Attendant with the high volumetr ic  efficiency achieved i n  
t h r e e  -dimension modular  packaging is high heat  diss ipat ion 
p e r  unit volume. 
duc to r s ,  so  that  it appea r s  unlikely tha t  epoxy r e s i n  encapsu-  
lan ts  can  d iss ipa te  much heat  f r o m  operat ing components. 
As  a r e s u l t  of this study, s e v e r a l  conclusions m a y  be drawn 
as follows: 

Unfilled epoxy r e s i n s  a r e  poor hea t  con-  

1) Substant ia l  improvements  in hea t  diss ipat ion and 
t h e r m a l  conductivity in  epoxy r e s i n s  a r e  achieved by 
incorporat ing cer ta in  f i l l e r s  and meta l l ic  conductors 
into the r e s ins .  
Encapsulants  can be made  to a c t  a s  efficient hea t -  
t r a n s f e r  media  despite the i r  re la t ively low t h e r m a l -  
conductivity coefficients . 
The incorporat ion of a luminum honeycomb and hea t  
exchangers  i n  r e s ins  r e s u l t s  in great ly  inc reased  
hea t - t ransfer  r a t e s .  
Mounting of modules on cold plates  r e su l t s  i n  sub -  
s tan t ia l  improvements  in  hea t  t r a n s f e r  over  still a i r .  
The  u s e  of blowers  effectively i n c r e a s e s  the hea t  
diss ipat ion r a t e s  of modules ,  depending upon the 
s u r f a c e  tempera ture .  

2)  

3) 

4) 

5) 

31. Garibot t i ,  D. J. and Ullery,  L. R. ,  Jr. 
PRODUCTION-LINE PACKAGING O F  SOLID-STATE CIRCUITS, 
Fundamentals  of Modern Elec t ronics  Engineer ing,  Vol. 1, 
pp. 237-243. 

An automated a s sembly  p rocedure  fo r  m i c r o c i r c u i t  
modules  is descr ibed  i n  which the production l ine includes an  
e lec t ron-beam welding machine tha t  pe r fo rms  final a s sembly  
and he rme t i c  seal ing of the modules .  
welding i s  used,  the c i rcu i t s  a r e  sea led  i n  a vacuum. 
ua l  packages for  the components would be superf luous.  
s aves  the cos t  of having components prepackaged and allows 
s h o r t e r  lead lengths f o r  bet ter  high-frequency per formance .  
Other  production and per formance  advantages a r e  built into 
the m i c r o c i r c u i t  module. 

When e lec t ron-beam 
Individ- 

This  

N o  fluxes o r  encapsulants  a r e  
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necessa ry ;  contaminants a r e  minimized,  and s t r e s s e s  
assoc ia ted  with potting a r e  avoided. 

32. Gel le r t ,  R. 
UPDATING PRINCIPLES AND CAPABILITIES O F  ULTRASONIC 
JOINING, Machine Design, Vo l .  37, No. 30, M a r c h  1966, 
pp. 136-140. 

T h e r e  a r e  two dis t inct  methods of using u l t rasonic  energy  
i n  m e t a l  joining. 
m e t a l s  being so ldered ,  brazed ,  o r  welded. This  a ids  the 
joining p r o c e s s ,  although heat  i s  still needed to br ing the 
f i l l e r  me ta l  o r  base  me ta l  to  i t s  mel t ing t empera tu re .  This  
might  be called u l t rasonica l ly-ass i s ted  fusion welding, so lder  - 
ing, or  brazing. Metals  can a l s o  be joined by clamping them 
together  and applying the u l t rasonic  energy in  the plane of the 
weld without the application of heat.  This  is called u l t rasonic  
welding and i s  a sol id-s ta te  bonding p r o c e s s  s ince  the m e t a l s  
being joined never  r e a c h  melt ing t e m p e r a t u r e s .  
welding joins such  configurations a s  300 -micro inch  d i ame te r  
w i r e s ,  170-microinch thjck foi ls ,  thin wi re s  o r  foils to heavier  
sec t ions ,  aluminum to meta l l ized  g l a s s ,  and gold and aluminum 
leads  d i rec t ly  to s i l icon o r  germanium.  
encapsulation, u l t rasonic  r ing  welders  a r e  being used  to 
package everything f r o m  t r a n s i s t o r s  to volti le o r  explosive 
m a t e r i a l s .  Chemica ls  can be he rme t i ca l ly  sea led  without 
f e a r  of contamination by f luxes,  mol ten  m a t e r i a l s ,  o r  epoxies.  
S t ruc tu ra l  m e m b e r s  a s  well as small wi re s  and foils can  be 
joined by u l t rasonic  welding. I t  has  been de termined  tha t  the 
amount  of u l t rasonic  energy r equ i r ed  to br ing  a m e t a l  into a 
given plast ical ly  deformable s t a t e  i s  far l e s s  than the amount 
of hcat energy n e c e s s a r y  to produce the s a m e  s ta te .  

One method i s  to apply u l t rasonic  energy to  

Ultrasonic  

In the a r e a  of 

33. Gcrhold,  R .  A. and E l d e r s ,  D. S .  
EFFECTIVE PACKAGING O F  MICROELECTRONICS WITH 
MICROMODU LES, Seventh National Convention on Mi l i ta ry  
Elec t ronics ,  New Y o rk ,  Inst i tute  of E l e c t r i c a l  and Elec t ronics  
Engineers ,  1963, pp. 357-360. 

The enhanced micromodule  provides  a highly efficient,  
re l iable ,  low cos t  approach  f o r  incorpora t ing  advanced 
integrated c i rcu i t s  into m i l i t a r y  equipment.  A t  the s a m e  t ime,  
i t  re ta ins  the advantages of compat ibi l i ty ,  at e i the r  the m i c r o -  
e lement  o r  module level ,  with the broad r ange  of high- 
per formance  capabili ty a l r eady  es tab l i shed  under  the 



Micromodule P r o g r a m .  
s t ack  of 10 mic roe lemen t s  ( w a f e r s ) ,  each  0 .  31 in? , with 12 
( t h r e e  p e r  s ide)  r i s e r  conductors;  the whole he rme t i ca l ly  
encapsulated.  The wafers  a r e  obtained f r o m  var ious  manu-  
f a c t u r e r s  and can  be d i s c r e t e  modular ,  thin film or  s e m i -  
conductor in tegra ted  c i r cu i t s ,  o r  hybrid.  An "enhanced 
micromodule"  has  36 (nine pe r  s ide)  e lec t ron  beam welded 
r i s e r  conductors .  Three  hundred d i f fe ren t  c i r cu i t s  have been 
cons t ruc ted  in micromodule fo rm and tes ted ,  

The s tandard  micromodule  is  a 

34. Gers t in ,  H. 
HOW TO EVALUATE THE RIGID PLASTIC FOAMS, P roduc t  

I Engineering,  Vol .  36, No. 13, 21 June 1965, pp. 59-68. 

34. Gers t in ,  H. 
HOW TO EVALUATE THE RIGID PLASTIC FOAMS, P roduc t  

I Engineering,  Vol .  36, No. 13, 21 June 1965, pp. 59-68. 

The m a j o r  types of plast ic  foams i n  u s e  today a r e  expanded 
polystyrene,  u re thane ,  expoxy foams ,  s i l icone foams,  phenolic 
foams,  and syntact ic  foams.  T o  faci l i ta te  production o r  
improve  the quality of the foam, var ious  additives may be 
mixed with the bas ic  r e s i n  - ca ta lys t s ,  sur fac tan ts ,  ex tenders ,  
f i r e  r e t a rdan t s ,  coloring agents,  and m e t a l  powders .  The 
physical  p rope r t i e s  of the var ious types of foams a r e  tabulated,  
and the i r  r e s i s t a n c e  to chemicals ,  f lame,  vibrat ion,  high 
t e m p e r a t u r e s ,  water  absorption, and fungus a t tack  i s  d i scus  sed.  

35. Gibson, A .  M. 
CERTIFICATION. A LOGICAL APPROACH TO RELIABLE 
MODULE WELDING, Eighth Symposium of the Welded 
E lec t ron ic  Packaging Associat ion,  Sy racuse ,  New Y ork ,  
21 June 1963, 19 pp. 

This  r e p o r t  delves into the a spec t s  of product  re l iabi l i ty ,  
which a r e  solely dependent upon fabr ica t ion  efficiency. 
va r i ab le s  in cons idered  order  of influence upon success fu l  
module welding a r e :  

Major  

1) 
2)  Authenticity of welding specif icat ions.  
3 )  

Dependability of e l ec t r i ca l  and mechanica l  equipment.  

M e a s u r e  of competence of welding ope ra to r s .  
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36. Griffin,  D. C.  
HERMETIC PACKAGING FOR SEMICONDUCTOR DEVICES, 
S C P  and Solid State  Technology, Vol. 8, May 1965, pp. 42-45. 

A rev iew is given of g l a s s -  and c e r a m i c - m e t a l  s e a l s  
including techniques employed in  the  manufac ture  of s ea l s .  
Broad  and commonly accepted classif icat ion of seals in  two 
ca tegor ies  of matched and unmatched s e a l s  is d iscussed .  
Advantages and disadvantages of c e r a m i c  -metal s e a l s  a r e  
compared  to  g l a s s -me ta l  s ea l s .  

37. Hauck, J. E. 
A GUIDE TO PLASTIC FILMS AS ENGINEERING MATERIALS, 
Mater ia l s  i n  Design Engineer ing,  Vol. 62 ,  No. 4, October 
1965, pp. 102-107. 

A table of mechanical ,  physical ,  e lec t r ica l ,  and chemica l  
p rope r t i e s  of many common plast ic  films m a t e r i a l s  is  p r e -  
sented. 
including the i r  u s e  i n  printed c i rcu i t s .  

Many applications of these  f i lms  a re  d iscussed ,  

38. Hauck, J. E .  
TRANSFER MOLDED EPOXIES UPGRADE ELECTRONIC 
PARTS, Mate r i a l s  i n  Design Engineering, Vol. 63, No. 3, 
M a r c h  1966, pp. 76-79. 

Recent  improvements  in the p rope r t i e s  and p rocess ing  
c h a r a c t e r i s t i c s  of epoxy t r a n s f e r  molding compounds have 
r e su l t ed  i n  growing u s e  of the  m a t e r i a l s  fo r  encapsulating 
e lec t ronic  pa r t s .  Compared  to competi t ive m a t e r i a l s ,  the 
epoxy t r a n s f e r  molding compounds 
of proper t ies  and a r e  e a s i e r  to p r o c e s s .  
can  be molded at rapid production r a t e s  at low cos t  with a 
high degree  of re l iabi l i ty .  Also ,  they can  be used  to package 
a wide range  of de l ica te  and t e m p e r a t u r e  sens i t ive  a s s e m b l i e s ,  
such  as in tegra ted  c i r cu i t s ,  semiconductors ,  and g lass  sub-  
s t r a t e s  and components.  

provide a be t te r  balance 
The  epoxy compounds 

39. Heberlein,  M. F. W .  
E F F E C T  O F  IMPURITIES ON SOME PROPERTIES O F  LEAD- 
TIN ALLOYS, 65th ASTM Symposium on Solder ,  1962, 
pp. 29-38. 

A r e s e a r c h  investigation on the effects  of the common 
impur i t ies  on the so lder ing  p r o p e r t i e s  of va r ious  lead-t in  
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alloys is desc r ibed  in  detai l .  
a f te r  careful ly  m e a s u r e d  additions of antimony, a r s e n i c ,  
bismuth,  s i l ve r ,  copper ,  phosphorus,  and sulfur  a r e  compiled 
and d iscussed .  Rel iable  conclusions can  be drawn about the 
quality of a so lde r  by hot-dipping s t ee l ,  b r a s s ,  o r  copper into 
a molten pool of such  an alloy. 
impur i t i e s  in  a n  al l -purpose solder  w e r e  de te rmined  to  be 
as follows: 

Observat ions of these  effects 

The  to le rab le  limits of 

1) Antimony - 0 . 4  percent.  
2)  A r s e n i c  - 0 . 0 2  percent.  
3) Copper - 0.06  percent .  
4) Phosphorus and sulfur - a s  low as possible ,  

p referab ly  nil.  

40. Heightley, J. D. and Mal le ry ,  P. 
EXPLORATORY STUDY O F  BONDING METHODS FOR LEADS 
ON 2.5 TO 50 MIL. CENTERS, Elec t ronic  Components 
Conference,  1966, Washington, D. C. , pp. 168-177. 

The dec reas ing  s i z e  of components places  new demands on 

This  paper  p re sen t s  
bonding techniques.  
'to subs t r a t e s  is  one p resen t  requi rement .  
the r e su l t s  of an  investigation compar ing  the advantages of 
para l le l -gap  welding, impulse solder ing,  u l t rasonic  bonding, 
and two types of thermocompress ion  bonding f o r  bonding leads 
t o  subs t r a t e s .  
c e n t e r s  with emphas is  on bonding gold beam leads  on c e n t e r s  
down to  0. 0025, the spacing used on a n  in tegra ted  32 t r a n s i s t o r  
package. 

Bonding 0. 001 leads with 0. 0015 spacing 

The maximum spacing cons idered  is 0.050 

41. He i t e r t ,  D. G.  
A WELDING PROCESS DEVELOPED FOR PRODUCTION, 
Eighth Symposium of the Welded Elec t ronic  Packaging Assoc ia -  
tion, Syracuse ,  NewYork ,  20 June 1963, 15 pp. 

This  paper  i s  a comprehensive d i sc losu re  of the p lanar  
welded module p rocess  fo r  modular  e lec t ronics  design, tooling, 
and production. 
two,-dim ens i onal weldment configuration in t r ins ic  i n  the c onc e pt, 
i n  con t r a s t  to the t h r e e  -dimensionalcordwood modules .  
of this  new development include improved  per formance  c h a r a c t e r  - 
i s t i c s  and grea t ly  improved producibil i ty.  
lined a r e :  

The planar  terminology is der ived f r o m  the 

F e a t u r e s  

Among those out- 
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1)  

2) 

3 )  
4) 

Inc reased  rel iabi l i ty  through an  effective quality 
a s s u r a n c e  p rogram.  
Higher production r a t e s  and reduced cos t s  through 
p r e c i s e  tooling. 
Reduction of human e r r o r  f ac to r s .  
Lack  of dependence upon weld s ta t ion opera tor  sk i l l s .  

42 .  Hogrefe,  A. F. 
DESIGN AND PACKAGING O F  ELECTRONICS TO SURVIVE AN 
EXTENDED MISSION IN THE NATURAL ANI3 ARTIFICIALLY 
TRAPPED BELTS O F  NEAR SPACE, National Elec t ronics  
Packaging Conference,  1964, 18 pp. 

Mic roc i r cu i t ry  is of i n t e r e s t  to the des igner  of spacec ra f t ,  
and, accordingly,  an investigation was made  of radiat ion e f fec ts  
on eight s i l icon monolithic integrated c i r cu i t s ,  as well a s  on 
o ther  e lec t ronic  devices .  The amount  of avai lable  information 
on the radiat ion suscept ibi l i ty  of var ious  components i s  small 
and many applications wi l l  r equ i r e  extensive tes t ing to guarantee  
a good degree  of re l iabi l i ty .  Al te rna te ly ,  the des igner  may  
choose to  ame l io ra t e  the environment  by appropr ia te  shielding. 

43. Hughes A i r c r a f t  Company, Solid S ta te  R e s e a r c h  Cen te r ,  
Newport Beach, Cal i fornia  

THIN FILM MICROCIRCUIT INTERCONNECTIONS, Author 
Unknown, October  1965, Final  Repor t ,  A D  628225,  Cont rac t  
No. DA28-043 AMC-O0052(E) (Unclassif ied Repor t ) .  

A program study of deposited thin film in te r fac ia l  connections 
and e l ec t r i ca l  c r o s s o v e r s  has  been completed.  
have been designed which p e r m i t  the study of the interconnect ion 
and the c r o s s o v e r  with min ima l  in t rus ion  f r o m  contacts  and 
fi lm p rope r t i e s .  
the m a t e r i a l  
of the thin fi lm interconnect ions and c r o s s o v e r s .  
of  these c r i t e r i a  to p e r f o r m  the t a sk  of forecas t ing  the abil i ty 
of any interconnection o r  c r o s s o v e r  to function i n  mi l i t a ry  
environments was ver i f ied s ta t i s t ica l ly .  
p rog ram,  al l  the m a t e r i a l  combinations a r e  placed i n  forced  
rank according to the i r  r e l a t ive  m e r i t s .  
choice a r e  given. 

T e s t  pa t te rns  

Design c r i t e r i a  have been establ ished for  
combinations which a r e  compatible  for  the purposes  

The  accu racy  

As  a r e s u l t  of the 

The  r e a s o n s  for  each  



44. I saacson ,  H. M. 
DIP  SOLDERING IN MINIATURE - A NEW WAY TO ASSEMBLE 
MODULES, E lec t ron ic s ,  Vol .  39, 31 May 1965, pp. 94-96. 

A s  the s i z e  of e lectronic  modules sh r inks ,  the problem of 
protecting components f rom the rma l  c d$mage during a s sembly  
becomes  g r e a t e r .  Hand' soldering can  damage  heati 'sens'itive 
components in  mic romin ia tu re  a s sembl i e s  because  the bodies 
of the components a r e  placed s o  c lose  to  the so lder  jo in ts .  
Such t h e r m a l  shock can  be avoided by a new method of hand 
so lder ing  which r e v e r s e s  the usual  procedure .  
between the component lead and the connecting wire  is dipped 
into a s m a l l  globule of mel ted solder  ins tead  of the lead being 
heated until  i t  me l t s  the flux and so lder .  
is heated only to the t empera tu re  of the molten so lde r ,  not 
higher .  
of cordwood modules.  

The joint 

In this  way, the joint  

The  new technique is par t icu lar ly  useful  in the assembly  

45. Jackson,  J .  E.  
PACKAGING WITH LASER WELDING, S C P  and Solid State  
Technology, V o l .  9 ,  No. 5,  May 1966, pp. 21-28. 

The l a s e r  has  been shown to be capable of producing fusion 
welds on c i r cu i t  boards without damage  to the subs t r a t e .  
board  claddings tes ted  include copper ,  nickel ,  kovar ,  and 
mul t i layer  var ie ty .  
aided by the unique fea tures  of l a s e r  welding. The number of 
sui table  u s e s  for  l a s e r  continues to i n c r e a s e .  Because l a s e r  
welding is l imited to  pulsed devices ( for  the n e a r  fu ture) ,  it  
wil l  be used  on mic roassembl i e s  only. 
l ines  tha t  can  be used to  de te rmine  when l a s e r  welding should 
be cons idered .  In i t s  p re sen t  s t a t e  of development,  an  upper 
limit to the depth of the required weld bead should be about 
one- th i r ty-seconds  of a n  inch. 
involve welding pieces  a t  thicknesses  below 0 .  020  inch. In 
addition, the application should take advantage of a t  l ea s t  one of 
the unique f ea tu res  of the l a s e r .  Fo r  emphas is ,  they a r e  
s u m m a r i z e d  a s  follows: 

The 

Advanced e lec t ronic  packaging will be 

T h e r e  a r e  a few guide- 

Most  applications will probably 

1)  Low hea t  input. 
2)  Welds difficult  meta ls .  
3)  
4) Microminia ture  fusion. 

No m e t a l  contact with weld. 
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46. Johns,  A.  A . ,  Jr .  and Mi l le r ,  E .  S .  
DIP -SOLDERED PRINTED CIRCUIT JOINT CHARACTERISTICS, 
59th ASTM Symposium on Solder ,  1956, pp. 115-128. 

Considerable  emphas is  has  been placed upon a p r o g r a m  
of investigation of dip-soldered joints f r o m  the standpoint of 
r e s u l t s  which can  be anticipated in  production. This p r o g r a m  
cove r s  the following fields of information on d ip-so ldered  
joints:  

1 )  Efficiency of joint formation.  
2)  Shor t - t ime tens i le  s t rength .  
3 )  Impact  s t rength  i n  tension. 
4) C r e e p  s t r eng th  in  tension. 

The possibi l i ty  of s t rengthening d ip-so ldered  joints was a l s o  
investigated.  

4 7 .  Kamensky, A. 
PERFORMANCE AND RELIABILITY O F  PLATED MULTILAYER 
PRINTED WIRING JOINTS, Elec t ronic  C omponents Conference ,  
1966, Washington, D. C. ,  pp. 178-190. 

P l a t ed  through-hole mul t i layer  epoxy-glas s pr inted wir ing 
board joints w e r e  evaluated fo r  the i r  pe r fo rmance  l imi t s  and 
rel iabi l i ty  under s e v e r e  s imulated a e r o s p a c e  environmental  
conditions. The data  indicate that environmental  t e s t  e x t r e m e s  
had far l e s s  effect  on plated joint re l iabi l i ty  than fabricat ion 
p rocess  var iab les .  Continuity t e s t s  w e r e  found to be of l i t t l e  
value a s  a t r u e  m e a s u r e  of quality, but mic rosec t ion  ( m e t a l l u r -  
gical)  evaluation was confirmed as a valid m e a s u r e  of quality 
when used in  conjunction with joint  r e s i s t a n c e .  The plated 
mult i layer  joint was proven to be a sound des ign  capable of 
withstanding environmental  e x t r e m e s  in  excess  of those present ly  
foreseen  fo r  a e r o s p a c e  appl icat ions.  
i l lus t ra te  a method for  de te rmining  through-hole plated joint 
re l iabi l i ty  . 

This  work i s  intended to  

48. Katz, I .  
NEW MATERIALS FOR OLD, E lec t romechan ica l  Design, Vol. 10 ,  
No. 3 ,  March  1966, pp. 27-28. 

The proper  t ies  of vulcanized f ibe r ,  r e s  in  - impr  egna tcd 
vulcanized f iber ,  laminated f i b e r s ,  and r e s i n  impregnated  
g lass  f i laments  a r e  descr ibed  i n  re la t ion  to the i r  s t r u c t u r a l ,  
insulation, and e lec t romechanica l  des ign  functions.  
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49. Katz ,  I. 
STATUS O F  THE FILLED COMPOSITES, Elec t romechanica l  
Design, Vol. 10, No. 2, Feb rua ry  1966, pp. 18-21. 

A quick a s s e s s m e n t  of the c u r r e n t  and  potential  m e r i t s  of 
the fi l led composi tes  is given. 
t ion of fi l led p las t ics  is the production of c i r c u i t  boards  in  
which the composi te  f o r m s  a subs t r a t e  fo r  pr in ted  circuit 
e lements  and contains a combination of mul t i layer  m e t a l s .  
The  me ta l l i c  l a y e r s  m a y  be etched, machined ,  or  o therwise  
p rocessed  into conductors  to which you c a n  a t tach  c i r cu i t  
components by vacuum deposition, plating, printing, welding, 
so lder ing ,  o r  mechanica l  fas tenings.  In such  a r r a n g e m e n t s ,  
the filled s u b s t r a t e  provides  an insulation function, although 
a st i f f  metal m e m b e r  in the mult i layer  m e t a l  sec t ion  could 
provide s t r eng th  in  addition to  a t h e r m a l  b a r r i e r  f o r  welding 
and  so lder ing  operat ions.  

One m a j o r  a r e a  for  the appl ica-  

50. Ke l l e r ,  3 .  D. 
PRINTED WIRING SURFACE PREPARATION METHODS - 
ELIMINATION O F  GOLD PLATING AS A SURFACE P R E P -  
ARATION FOR PRINTED CIRCUITS AND DEVELOPMENT O F  
A CONTAMINATION-FREE SURFACE, 65th ASTM Symposium 
on  Solder ,  1962, pp. 3-12. 

The  r e s e a r c h  objective was to  e l iminate  pr inted c i r cu i t  
gold plating and to develop a method f o r  chemica l ly  cleaning 
s u r f a c e s  guaranteeing high solderabi l i ty  at low cos t s .  
s u r f a c e s  w e r e  found to  be m o r e  advantageous than gold f o r  
th i s  so lder ing  application. 
coating copper  su r faces  is descr ibed .  

Copper  

A p recedure  f o r  cleaning and 

51. Kelley,  F. E. 
A PRACTICAL ANALYSIS O F  OVERPRESSURE CONTROL, 
Eighth Symposium of Welded Elec t ronic  Packaging Associat ion,  
Sy racuse ,  N e w Y o r k ,  20 June 1963, 15 pp. 

A comprehens ive  weld evaluation p r o g r a m  was conducted 
to  de t e rmine  conclusively the effect  o v e r p r e s s u r e  has  on weld 
quality. The  s ta t i s t ica l ly  analyzed t e s t  r e s u l t s  demonst ra ted  
o v e r p r e s s u r e  to be des i rab le .  
s t r eng th  r ema ined  v i r tua l ly  unchanged, the r ange  of tens i le  
s t r eng ths  was reduced 50 percent  by de l ibera te  o v e r p r e s s u r e .  
Weld p r e s s u r e  and watt-second combinations have been surveyed.  
F r o m  these  t e s t s ,  it has  been shown that  a m e r e  i n c r e a s e  in 

Although ave rage  tens i le  
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welding p r e s s u r e  does not produce the s a m e  effects as o v e r -  
p r e s s u r e  which introduces a different  p r e s s u r e  - t i m e  h i s to ry .  
The re fo re ,  welding heads incorporat ing a fo rge  cycle  appear  
t o  be des i r ab le  to  a t ta in  high quality weld joints .  

52.  King, J .  
RESISTANCE, TIG, OR ELECTRON BEAM WHICH WAY TO 
WELD? -Product  Engineer ing,  Vol .  35, No. 21, 12 October  
1964, pp. 77-83 .  

The  e lec t ron  beam provides  a deep,  n a r r o w  weld f o r  a 
r ange  of applications f r o m  m i c r o c i r c u i t r y  to  heavy plate .  
Res i s t ance  welding is  b e s t  sui ted to high production of l ap  welds 
where  the m a t e r i a l  is thin. 
high-production f lash  butt welding of small sec t ions  such  as 
b a r  s tock,  ex t rus ions ,  o r  shee t  m a t e r i a l .  TIG ( tungsten 
i n e r t  gas)  welding is a re la t ive ly  low-production p r o c e s s  fo r  
making shal low-penetrat ion mul t ip le  -pass  welds of f i l le t ,  butt, 
and l imited thickness  lap joints whereve r  weld pur i ty  is 
impor tan t .  Al l  t h r e e  welding p r o c e s s e s  c r e a t e  a mol ten  a r e a  
which coa lesces  a c r o s s  the  joint. They differ  in  the d i a m e t e r  
of this mol ten  a r e a  and i n  extent of the heat-affected zone. 
TIG welding produces the l a r g e s t  mol ten  a r e a  and, because  i t  
is a s low p r o c e s s ,  a l s o  produces  the l a r g e s t  heat-affected 
zone. 
a v e r y  small heat-affected zone. 
The  s m a l l e s t  mol ten  a r e a ,  down to  0 . 0 0 5  inch  wide, is  produced 
by t h c  c lec t ron  beam which can  be focused to  a fine point, 
c rea t ing  hea t  a l m o s t  instantaneously only in the path of the 
beam.  

The  p r o c e s s  can  a l s o  be used  f o r  

Res i s t ance  welding produces  a s m a l l e r  mol ten  a r e a  and 
Welding t i m e  is v e r y  s h o r t .  

53.  Kutzer ,  i. G. 
JOINING CERAMICS AND GLASS T O  METALS, Mater ia l s '  i n  
Design Engineer ing,  V o l .  61, No. 1 ,  J anua ry  1965, pp. 106-110. 

The var ious  methods and materials fo r  joining a c e r a m i c  
or  g l a s s  m a t e r i a l  to metal can be divided into t h r e e  gene ra l  
categories:  

1 )  Mechanical  fastening. 
2 )  Cert icnts,  adhes ives ,  and  low me l t ing  a l loys .  
3 )  Fusion  bonding. 

Mechanical fastening is used p r i m a r i l y  where  a pe r fec t  s e a l  
is not  r equ i r ed  between the c e r a m i c  o r  g l a s s  and the m e t a l .  
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The pr incipal  methods and devices tha t  can be used a r e  shackle  
pins and cables ,  threaded joints ,  and p r e s s  and sh r ink  fitting. 
Also,  i t  is possible  to combine these methods and devices  with 
cements ,  adhes ives ,  and low melt ing alloys to  obtain a m o r e  
effective sea l .  
the  c e r a m i c  o r  g l a s s  with the base me ta l .  
a he rme t i c  s e a l  with l i t t le  leakage. 

Fusion bonding provides an  in t imate  joining of 
It is used  to  provide 

54. Lander ,  H. J. 
ELECTRON BEAM: SUITABLE FOR JOINING EVEN ULTRA- 
SMALL PARTS, Welding Engineer ,  F e b u r a r y  1965, pp. 55 -57. 

E lec t ron  beam welding is par t icu lar ly  sui ted for  joining 
s m a l l  p a r t s ,  I ts  ma in  l imitations a r e :  

1)  The e lec t ron  gun m u s t  be operated in  high vacuum. 
2 )  Ma te r i a l s  m u s t  be handled in  vacuum. 
3) The ini t ia l  cos t  of the equipment is high. However,  

this  technique has  advantages over  o ther  welding 
techniques,  and these  advantages a r e  d i scussed  
f r o m  the points of view of the me ta l lu rg i s t ,  design 
engineer ,  and welding engineer .  

55. Lane,  W. V 
WELDED CONNECTIONS, Machine Design, V o l .  36, No. 12 ,  
21 May 1964, pp. 209-214. 

Welded interconnect ion of d i s c r e t e - p a r t  modules  ut i l izes  
a l m o s t  exclusively resis tance-welding techniques,  p r imar i ly  
r e s i s t a n c e  spot  welding. Rapid advances i n  mic roe lec t ron ic s  
a r e  precipi ta t ing a new e r a  of e lec t ronic  fabr icat ion involving 
many  new welding techniques such a s  the rmocompress ion  
bonding, u l t rasonic  welding, s e r i e s  r e s i s t a n c e  welding, and 
l a s e r  and e lec t ron-beam welding. An impor tan t  a r e a  in  
e lec t ronic  - c i r cu i t  packaging interconnections i s  backplane 
wir ing involving closely spaced t e rmina l s  which m u s t  be in t e r  - 
connected by a sui table  wiring h a r n e s s .  Common connections 
used  for  this kind of application a r e  c r i m p  removable  contacts ,  
t ape r  pins,  wrapped connections, and pe rcuss ive -a rc  welding. 
Ther rnocompress ion  bonding, s e r i e s  welding, and u l t rasonic  
welding a r e  p r i m a r i l y  used in mic roe lec t ron ic s  for  i n t r a -  
connection of thin-f i lm and sol id-s ta te  devices  on a s ingle  
s u b s t r a t e .  
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56. L a r s o n ,  C. D. 
EMBEDMENT O F  ELECTRONIC MODULES BY TRANSFER 
MOLDING, I E E E  Transac t ions  on P a r t s ,  Ma te r i a l s ,  and 
Packaging,  Vol. PMP-1 ,  NO. 1 ,  June 1965, pp. s -169-s -177 .  

One of the l a t e s t  and m o s t  in te res t ing  techniques in  the u s e  
of p las t ics  f o r  e lec t ronic  packaging is the total  embedment  of 
a n  a s s e m b l e d  c i r cu i t  i n  a closed mold uti l izing a t r a n s f e r  mold-  
ing p r e s s .  
p r e s s u r e  to liquefy a powdered o r  g ranu la r  plast ic  compound 
in  a t r a n s f e r  pot, and subsequent  introduction of the p las t ic  
into the mold cavity while maintaining a careful ly  control led 
h e a t  and p r e s s u r e  on the t r a n s f e r  plunger .  In compar i son  
with the m o r e  recognized techniques of potting o r  encapsulat ing 
with liquid plast ic  s y s t e m s ,  this new technique yields  a be t t e r  
appear ing  product  a t  a lower cos t .  

This  technique u s e s  a combination of hea t  and 

57. Mample,  A. Z.  
SOLDERING FLUXES AND F L U X  PRINCIPLES, 59th ASTM 
Symposium on Solder ,  1956, pp. 7 1-80. 

Successfu l  so lder ing  is  a n  a r t  that  r e q u i r e s  cons idera t ion  
and evaluation of the so lde r  m e t a l ,  flux, t e m p e r a t u r e ,  quantity 
of hea t  and method of application, type and condition of s u r f a c e s  
involved, and the u s e  to which the i t e m  will  be put. 
of a flux should include cons idera t ion  of its c o r r o s i o n  and 
conductivity. 

Anevalua t ion  

58. Manko, H. H. 
CHOOSING THE RIGHT SOLDER ALLOY, Elec t ronic  Indus t r i e s ,  
Vol. 24, No. 3 ,  M a r c h  1965, pp. 102-105. 

The  following check list provides  the p a r a m e t e r s  t o  be 
cons idered  in  making a so lde r  alloy se lec t ion ,  based on the 
assumpt ion  tha t .base -me ta l  s e l ec t ion  is de t e rmined  by the 
mechanica l  a n d  e l ec t r i ca l  p rope r t i e s  requi red :  

F lux  select ion.  
T e m p e r a t u r e  cons ider  a t ions . 
F r e e z i n g  range .  
Mechanical  p rope r t i e s .  
E l e c t r i c a l  p rope r t i e s .  
Special  c h a r a c t e r i s t i c s .  
Economy . 
Compatibil i ty checks.  
Manufacture sui tabi l i ty .  



59. Manko, H. H. 
MECHANISM O F  WETTING DURING SOLDER JOINT FORMA- 
TION, 65th ASTM Symposium on Solder ,  1962, pp. 20-28. 

The  mechanism involved in  the formation of the so lder  
bond and the s o u r c e  of its s t rength i s  descr ibed .  The s o l d e r -  
ing of two me ta l s  r equ i r e s  the establ ishment  of an  in te r face  
where  the so lder  is bonded to each of the two m e t a l s ,  thus 
giving the des i r ed  meta l l ic  continuity in  the so lder  joint .  
formation of the in te r face  in  a so lder  joint r equ i r e s  the follow- 
ing elements:  

The 

1) The so lder  alloy i tself .  
2 )  The base  me ta l .  
3 )  The flux o r  a tmosphere  i n  which the p r o c e s s  takes  

place.  

The thermodynamic equilibrium between the s u r f a c e  energ ies  
and the use  of the d ihedra l  angle in the evaluation of wetting 
conditions a r e  desc r ibed .  The sequence of events leading to 
the so lder  joint  formation i s  shown and an  indication given of 
how the wetting information can be t rans la ted  into a p rac t i ca l  
quali ty control  sys t em.  

60. Manko, H. H. 
SOLDERED CONNECTIONS, Machine Design, Vol. 36, No. 12, 
21 May 1964, pp. 190-195. 

The following so ldered  joint c h a r a c t e r i s t i c s  a r e  d iscussed:  

1) Phys ica l  p rope r t i e s .  
2) E l e c t r i c a l  p rope r t i e s .  
3) T h e r m a l  p rope r t i e s .  
4) Cor ros ion  r e s i s t ance .  

T o  adequately design an assembly  for  re l iab le  and economical 
so lder ing ,  the following phases need carefu l  considerat ion:  

1 )  Ma te r i a l s  select ion.  
2) Geomet r i ca l  design.  
3 )  P r o c e s s  p a r a m e t e r s .  
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61. McQuillan, W.  P. 
GUIDE TO SOLDERING, Welding Engineer ,  A p r i l  1965, 
pp. 64-67 and 112-115. 

The  topics cons idered  in  this  a r t i c l e  a r e :  

1 )  P r inc ip l e s  of good solder ing.  
2) Solder  alloys in u s e  today. 
3) The  effects of var ious  f luxes .  
4) C r i t e r i a  f o r  se lec t ing  so lder  and flux. 
5)  The  avai lable  so lder ing  methods and equipment .  

6 2 .  Meyer ,  F. R.  
ULTRASONIC WELDING, ITS PRINCIPLES, REQUIREMENTS, 
AND USES, Assembly  Engineer ing,  Vol. 9 ,  No. 3, March1966 ,  
pp. 20-26. 

In many instances,  this p r o c e s s  m a k e s  be t te r  -quality joints ,  
r educes  joining cos t s ,  and speeds  production process ing .  
Typical  u s e s  a r e  found i n  joining e l e c t r i c a l  and e lec t ronic  
components ,  h e r m e t i c  sea l ing  of m a t e r i a l s  o r  sens i t ive  devices ,  
fabr icat ing nuc lear  fuel  e l emen t s ,  splicing thin me ta l l i c  foi ls ,  
and welding aluminum. High-strength me ta l lu rg ica l  bonds 
can  be m a d e  in many  similar and d i s s i m i l a r  m e t a l  combinations 
without applying ex terna l  hea t ,  without mel t ing  weld metal, 
without using fluxes o r  f i l l e r  m e t a l ,  and without pass ing  
e l ec t r i ca l  c u r r e n t  through the joint .  
negligible.  
the  power capaci ty  of avai lable  equipment.  

Thickness  deformat ion  is  
Joining capabili ty is l imi ted  essent ia l ly  only by 

63. Mi l le r ,  E .  S .  and Johns,  A .  A . ,  J r .  
DIP SOLDERING PRINTED CIRCUITS, 59th ASTM Symposium 
on Solder ,  1956, pp. 30-40. 

Economical ,  re l iab le  joints c a n  be m a d e  using dip s o l d e r -  
ing, provided ce r t a in  precaut ions  a r e  taken.  Cons idera t ion  is 
given to  m e a n s  of e l iminat ing potent ia l  p rob lems  i n  the dip 
solder ing p rocess .  

64. Molzon, A. M. 
RECENT DEVELOPMENTS IN CASTING RESINS AND TECH- 
NOLOGY FOR ELECTRICAL ENCAPSULATION APPLICATIONS, 
3 1  PP* 

Recent  developments  in  p las t ic  cas t ing  r e s i n s ,  p rocess ing  
tcchniqucs,  and t e s t  methods f o r  e l e c t r i c a l  encapsulat ion 



applications a r e  summar ized .  
used  today include epoxy, polyester ,  polysulfide, si l icon, 
polyurethane, and hydrocarbon. Epoxy-based formulat ions 
a r e  the m o s t  widely used ma te r i a l s ,  and with polyester  r e s i n s ,  
they contitute the rigid-type ma te r i a l .  Sil icones cos t  m o r e  
than the other  materials, but they have be t te r  t empera tu re  
capabi l i t ies  (high, low, and extended range) .  Polysulfides 
and polyurethanes have found their  l a r g e s t  u s e  in  sealing-type 
applications (cables ,  connectors)  and it appea r s  that  the 
polyurethanes will i n c r e a s e  in  popularity at the expense of 
o ther  materials because  of their  combination of p rope r t i e s  
such  as toughness, t he rma l  shock r e s i s t ance ,  flexibility, and 
cold-flow re s i s t ance .  The development of expendable molds , 
plas t ic  ca r t r idges ,  and p remeasured  kit-type packaging has  
faci l i ta ted the u s e  of encapsulating m a t e r i a l s .  

Polymer ic  cast ing m a t e r i a l s  

65. Moore,  D. W. 
INTERCONNECTIONS AND PACKAGING - THE MOST CRITICAL 
AREAS O F  MICROCIRCUIT APPLICATION, Elec t ronic  Compo- 
nents  Conference,  1966, Washington, D. C . ,  pp. 144-148. 

Soldering, welding, and wire -wrap  a r e  all sa t i s fac tory  
methods for  forming highly rel iable  interconnect ions.  
connectors  a r e  not always highly rel iable .  
packaging a r e  now the m o s t  expensive portions of any l a r g e  
microc i rcu i t ized  sys  tem,  and those interconnections which a r e  
r equ i r ed  m u s t  be highly rel iable  s o  that the rel iabi l i ty  inherent  
in integrated c i rcu i t  functions is not se r ious ly  degraded.  

Plug-in 
Interconnections and 

66. Morgan, H. S .  
PHOTOETCHING PRODUCES THIN, CLOSE TOLERANCE 
METAL PARTS, Mater ia l s  in Design Engineering, V o l .  61, 
No. 3 ,  M a r c h  1965, pp. 124-126. 

Smal l  p rec is ion  pa r t s  can be  formed with ex t r eme  accuracy  
by photoetching. 
of f e r r o u s ,  nonferrous,  and composite me ta l s  l e s s  than 20 mils 
thick.  
produce holes o r  s lo t s  in  s izes  down to the thickness of the 
m e t a l  i tself .  The fine etching action of the p rocess  produces 
p a r t s  f r e e  of b u r r s ,  in te rna l  s t r e s s e s ,  and dis tor t ion.  In 
addition, the i r  physical  and mechanical  proper t ies  a r e  unaffected,  
and high dimensional  accuracy  and uniformity a r e  a s s u r e d .  

The process  can  be used with a wide var ie ty  

It can  accommodate  pa r t s  up to  20 inches s q u a r e  and will 
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67. Muel le r ,  R. J.  
NEW ELECTRICAL CONNECTOR SPECIFICATION ANSWERS 
SPACE-AGE ENVIRONMENTAL NEEDS, IEEE Transac t ions  
on Parts, Mater ia l s ,  and Packaging, Vol. PMP-1 ,  No. 1 ,  
June 1965, pp. 248-256. 

The new specification f o r  e l ec t r i ca l  connectors  MIL-C - 
38300 (USAF) combines 
r el iabi l i  ty r e  quir  e m  ents . 
include: 

environmental  se rv iceabi l i ty  and 
The  environmental  r e quir  e m  ent s 

1) Continuous operat ion at t e m p e r a t u r e  ex t r emes  -65 O 

and 460°F.  
2)  High voltage (1000 VAC RMS) capabi l i t ies  a t  high 

al t i tudes (1 10, 000 f t ) .  
3) Oil, fuel, and moi s tu re  r e s i s t ance .  
4) Cor ros ion  r e s i s t ance .  
5 )  Res is tance  to  vibrat ion and shock encountered in  

a i r c r a f t  m i s s i l e s .  

Ma te r i a l s  and techniques used  to produce connectors  that  will 
m e e t  the specified environmental  se rv iceabi l i ty  and re l iab i l i ty  
r equ i r emen t s  a r e  detailed and i l l u s t r a t ed .  

68. 0' Connell, J. A . , D r .  
APPLICATIONS 
FILMS IN ELECTRONIC EQUIPMENT, Elec t ronic  Components 
Conference,  1966, Washington, D. C . ,  pp. 238-250. 

O F  INORGANIC AND ORGANIC THICK 

This  paper  desc r ibes  the application of inorganic  s c r e e n -  
pr inted "thick film" technology to a new mic romin ia tu r i zed  
five gc microwave  t r a n s m i t t e r  - r ece ive r  as wel l  as the application 
of completely novel organic  thick film through-hole plated 
interconnection m a t e r i a l s  to the packaging of mic roe lec t ron ic  
equipments.  

69. Peluso, R .  F. 
A NONDESTRUCTIVE TEST METHOD FOR PROCESS CONTROL 
O F  CROSS-WIRE RESISTANCE WELDS, M-63-114, Eighth 
Symposium of the Welded Elec t ronic  Packaging Associat ion,  
Syracuse ,  New York,  June 1963, 22 pp. 

The p r i m a r y  purpose  of this  s tudy was to es tab l i sh  the 
relat ion between weld-thickness m e a s u r e m e n t  and wsec energy  
input a t  constant e lec t rode  fo rce .  T e s t s ,  conducted on welds of 
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nickel,  kovar ,  and dumet  wire  to nickel w i re  and ribbon, 
indicate  a definite and reproducible  re la t ionship  between 
thickness  m e a s u r e m e n t  and weld energy  input. 
sh ip  pe rmi t s  per iodic  checking of weld machine se tup  and a 
nondestruct ive p rocess  control  of production welds.  
s y s t e m  shows definite advantages over  c u r r e n t  methods.  

This  re la t ion-  

The 

70. P e r l ,  M. 
INSULATED WIRE WELDING PROCESS, Eighth Symposium of 
the Welded Elec t ronic  Packaging Associat ion,  Sy racuse ,  New 
York,  20 June 1963, 12 pp. 

In assembl ing  e lec t ronic  equipment compr i sed  of welded 
modules  , the s imples t  interconnection method is the mounting 
of modules  on a prefabr ica ted  board and the welding of module 
leads  with continuous point-to-point insulated wiring. A 
sa t i s f ac to ry  method was developed for  making r e s i s t a n c e -  
welded connections through the wi re  insulation, displacing the 
insulat ion m a t e r i a l  by p r e s s u r e  of the welding e lec t rodes .  
Sufficient b a r e  wi re  i s  exposed during the welding p rocess  so  
tha t  meta l - to-meta l  contact between the e lec t rodes  is achieved. 
Af te r  s tud ies  of a number of insulation m a t e r i a l s ,  i t  was 
de te rmined  that  i r r ad ia t ed  thermally-s tabi l ized polyolefin 
insulat ion offered the des i r ed  c h a r a c t e r i s t i c s .  
been used during the pas t  yea r  i n  s e v e r a l  e lec t ronic  equipment 
packages and adapted fo r  u se  a s  p a r t  of a semi-automated  
e lec t ronic  packaging de s i gn t e chni que. 

The p rocess  has  

71. Pf luger ,  A. R. and Maas,  P. M. 
LASER BEAM WELDING ELECTRONIC -COMPONENT LEADS, 
Welding R e s e a r c h  Supplement, June 1965, pp. 264-s -269-S. 

The bas ic  objective of this study was to de te rmine  whether 

The welds w e r e  to be such  that they would be appl icable  
fusion welds could be made  utilizing the light beam f r o m  a 
l a s e r .  
t o  joining e lec t ronic  -component leads .  
w e r e  invest igated including c r o s s  -wire,  c r o s s  -ribbon, wi re- to-  
ribbon, and pa ra l l e l  wi re  joints. Most of the investigation was 
concerned with nickel  wi re  and ribbon. 
v i sua l  and metal lographic  examination was per formed and joint 
s t r eng th  of pa ra l l e l  wi re  welds de te rmined .  
l a s e r  welding and r e s i s t ance  c r o s s  -wire  welding a r e  d iscussed ,  
and how these differences influence design of welded e lec t ronic  
c i r c u i t r y  is 'pointed out. I t  is suggested that  o ther  designs more 
sui table  for  l a s e r  welding be developed. 

Seve ra l  joint designs 

Weld evaluation by 

Differences between 



72. San  Clemente ,  P. F. 
A DISCUSSION O F  THE OPTICAL LASER AS A MECHANISM 
FOR MICROWELDING, Eighth Symposium of the Welded 
E l e c t r i c  Packaging Associat ion,  Syracuse ,  New Y ork ,  June 
1963, 10 pp. 

L a s e r  beams ,  when focused,  intensify and a r e  capable  of 
generat ing ex t remely  high t e m p e r a t u r e s ,  making welding of 
m o s t  m a t e r i a l s  possible .  
r e s i s t a n c e  welding p r o c e s s e s  i n  that  power is genera ted  outs ide 
the m a t e r i a l  r a t h e r  than in te rna l ly  f r o m  r e s i s t a n c e  heating. 
The  l a s e r  has  the advantage of not  requi r ing  a va.cuum and is 
capable  of p r e c i s e  a l ignment  and v e r y  small spot  s i z e s ;  however ,  
i t  does  have the disadvantage,  a t  p re sen t ,  of requi r ing  i n t e r -  
mi t t en t  operat ion.  

The  l a s e r  differs  grea t ly  f r o m  

73 ,  Schaeffer ,  J .  EN.  
WRAPPED-WIRE CONNECTIONS, Machine Design, V o l .  36, 
N o .  12, 21 May 1964, pp. 202-208. 

Considerat ion is  given to  the e l ec t r i ca l ,  mechanica l ,  and 
t h e r m a l  p rope r t i e s  which affect  the pe r fo rmance  of wrapped 
joint. 
that  wrapped connections sa t i s fy  the mechan ica l  s e c u r i t y  objec-  
t ives in  pa r t ,  but not completely.  They a r e  m o r e  vulnerable  to 
loosening by axial  pull on the w i r e  than so lde red  connections.  
A l s o ,  because wrapped connections a r e  under  tension, the w i r e  
tends to r c l ax  when heated.  
wi re  wrapping a r e  the t e rmina l s  t hemse lves .  T h e s e  m u s t  be 
specif ied accord ing  to  s e r v i c e  conditions,  des ign  configuration, 
and manufactur ing p r o c e s s .  

F r o m  t e s t s  conducted by the Bel l  Sys t em,  it was concluded 

The  only h a r d w a r e  involved i n  

74. Schumacher ,  J .  H.  and Lane,  W .  V .  
PRINTED CIRCUIT CONNECTORS FOR MICROASSEMBLIES, 
I E E E  Transac t ions  on P a r t s ,  Ma te r i a l s ,  and Packaging,  
V o l .  P M P - 1 ,  No. 1, June 1965, pp. S-371-S-380. 

This  paper  d i scusses  the development  of the following 
mic  r oas s e m  bly connector  designs:  

1)  

2 )  

A mi l i t a ry  quality r ecep tac l e  fo r  in tegra t ion  of the 
Mic ro -Ci rcu i t  Module (MCM) into equipments .  
A two-part  36-contact connector  for  a n  encapsulated 
m i c  r o a s  s e m  bly . 



. 
3) 

4) 

A two-part  80-contact connector for  an encapsulated 
m i c r  oas  s embly. 
A microwafer  t e s t  socket for  manufactur ing inspect ion 
tes t ing of the component 0. 310-inch-square mic rowafe r s  
and for  breadboarding microwafers  in the development  
s t ages  of an  MCM. 

T h e s e  designs have been subjected to a wide range  of environ-  
men ta l  conditions encountered in m i l i t a r y  usage  and have 
pe r fo rmed  successful ly .  The connectors fo r  the encapsulated 
m i c r o a s s e m b l i e s  provide the hardware  for  a fu ture  approach 
in  th ree  -dimensional c i r cu i t  packaging when su r face  protected 
m i c r o c i r c u i t  e lements  compatible with organic  encapsulants  
become avai lable .  

75 .  Scot t ,  I. D. 
WELDER OUTPUT PULSE MEASUREMENT AS A PROCESS 
CONTROL TECHNIQUE, .Eighth Symposium of the Welded 
Elec t ronic  Packaging Association, Sy racuse ,  New Y o rk ,  
20 June 1963, 8 pp. 

Reduction of machine var iab les  appea r s  to be a f rui t ful  
f i e ld  fo r  invest igat ion to find methods for  improving control  
of the r e s i s t a n c e  welding p rocess .  Two welding machines ,  
each  indicating the s a m e  wat t -seconds,  could - -  through an  
accumulat ion of var ia t ions  in capaci tance,  vo l tmeter  ca l ibra t ion ,  
and output impedance - -  del iver  pu lses  en t i re ly  different  in  
r i s e  t imes ,  peak, durat ion,  and to ta l  energy content;  a s  a 
consequence, the i r  weld producing effects would be d ra s t i ca l ly  
different .  One approach to the problem of control  is to m e a s u r e  
and analyze the output pulse  at the e lec t rode  t ips.  Any s ignif icant  
changes in the s y s t e m  will be detected by a corresponding change 
in the output pulse.  
each  of a l ine of welding sys t ems  gives us  a s s u r a n c e  that  the 
welding c h a r a c t e r i s t i c s  will be the s a m e .  

Delivery of essent ia l ly  ident ical  pu lses  by 

76. Singletary,  B. H. and Li t t le ,  C .  T .  
PACKAGING O F  AIRBORNE MULTIPLEXER -ENCODER PCM 
TELEMETRY SYSTEM, National Symposium on Space Elec t ronics  
and Te leme t ry ,  Miami Beach, F lo r ida ,  1 October 1963, 9 pp. 

This  paper  desc r ibes  the design,  construct ion,  and cnviron- 
men ta l  tes t ing of the mechanical  packaging used on an  Airborne  
Mult iplexer  -Encoder PCM Telemet ry  Sys tem.  F e a t u r e s  of the 
package include the following: 
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1) C a s t  aluminum housing. 
2) 
3) 
4) Welded c i r cu i t ry .  
5) Compress ion  packaging. 
6) C i rcu i t ry  access ib i l i ty .  

In te rna l  shock and vibrat ion i so l a to r s .  
Fue l  and oxidizer compatibil i ty (UDMH and N, 0 4 ) .  

A compress ion  packaged, foam encapsulated welded module 
was used.  A key f ea tu re  of this technique is that the en t i r e  
module s t ack  i s  placed under a compress ive  load of 8 to  10 psi 
at s y s t e m  assembly .  This  compress ion  yields a s emi r ig id ,  
"sol id  m a s s "  s t r u c t u r e  which p o s s e s s e s  excel lent  shock and 
vibrat ion attenuating c h a r a c t e r i s t i c s .  

77.  S inkler ,  S.  D. 
UNDERSTANDING FAILURE, Machine Design, Vol. 36, NO. 12, 
21 May 1964, pp. 184-189. 

Bes ides  cos t ,  the m a j o r  select ion f a c t o r s  involve re l iab i l i ty ,  
des ign  configuration, pe r fo rmance  i n  the field,  production 
cons idera t ions ,  and maintainabili ty.  Rel iabi l i ty  is one of the 
m o s t  cont rovers ia l  a r e a s  of all. Probably  the s a f e s t  approach  
to evaluating joint-l ife information is pe r sona l  contact  with the 
sou rce .  
nents  and j o i n t a r e a s  get s m a l l e r  and c l o s e r  together .  
introduced by c lose  spacing have both mechanica l  and t h e r m a l  
o r ig ins .  
mechanica l  s t r eng th  of the joint  m a t e r i a l s  can  somet imes  be 
exceeded, and fatigue fa i lure ,  a m o r e  common problem,  occur s  
when a joint is repeatedly subjected to  lower- leve l  s t r e s s i n g .  
T h e r m a l  cycling i s  thought to have l i t t le  e f fec t  on m o s t  e l e c t r i c a l  
joints a s  long a s  s teady-s ta te  t e m p e r a t u r e  l imi t s  a r e  not 
exceeded. However,  joints in  encapsulated a s s e m b l i e s  can  be 
o v e r s t r e s s e d  under widely vary ing  t e m p e r a t u r e s .  
exposed to the vacuum of outer  s p a c e  m a y  exper ience  low 
p r e s s u r e  diff icul t ies .  

Making consis tent ly  good joints gets h a r d e r  a s  compo- 
Troubles  

E l e c t r i c a l  connections fail mechanical ly  in  two ways;  

Equipment 

78. Skow, N. A. 
THIN COPPER-CLAD LAMINATES FOR MULTILAYER PRINTED 
CIRCUIT BOARDS, I E E E  Transac t ions  on P a r t s ,  Ma te r i a l s ,  and 
Packaging, Vol. PMP-1 ,  No. 1,  June 1965, pp. s-165-s-168.  

This  paper  d i s c u s s e s  the product ion of thin copper  -clad 
laminates  which a r e  used in  the manufac tu re  of mul t i l aye r  
printed c i r cu i t  boards .  In addition to p e r f e c t  copper  and lamina te  
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80. 

su r faces  and f reedom f r o m  in te rna l  voids,  it is a l s o  n e c e s s a r y  
that  the length and width of the copper-clad panel  does not 
change during any of the fabricat ion operat ions i n  making the 
pr inted c i rcu i t .  E lec t r ica l ly ,  i t  i s  impor tan t  tha t  the thin 
lamina te  has  excel lent  d ie lec t r ic  s t rength ,  d i e l ec t r i c  constant ,  
and su r face  r e s i s t a n c e .  Mechanically,  it is n e c e s s a r y  that  the 
m a t e r i a l  be s t rong ,  well bonded to  the copper ,  and that  the 
bond not be weakened by t r ichloroethylene vapor s ,  etching 
solut ions,  solder ing operat ions or shear ing ,  sawing, dr i l l ing ,  
o r  punching. 

Stucki,  F. F., Fu l l e r ,  W .  D. , and Carpen te r ,  R.  D. 
MEASUREMENT O F  INTERNAL STRESSES IN ENCAPSULATED 
ELECTRONIC MODULES, IEEE Transac t ions  on P a r t s ,  
Ma te r i a l s ,  and Packaging, Vol. PMP-1 ,  No. 1,  June 1965, 
pp. S-178-S-185. 

A hydrostat ical ly  p r e s s u r e  sens i t ive  t r ansduce r  has  been 
used  to m e a s u r e  environmentally induced s t r e s s e s  i n  encapsu-  
la ted  e lec t ronic  modules.  Such measu remen t s  for  a few 
encapsulants  have shown l a r g e  changes i n  in t e rna l  s t r e s s e s  
with s m a l l  changes i n  ambient  t empera tu re ,  a shif t  i n  the s t r e s s  
t rans i t ion  range  with formulat ion var ia t ions  and changes i n  
s t r e s s  magnitude with component densi ty  i n  an  e lec t ronic  
module.  A change in  s t r e s s  can r e s u l t  in  degradat ion of 
e lec t ronic  c i r c u i t  per formance ,  i f  the change i n  the p a r a m e t e r s  
of p r e s s u r e  sens i t ive  components cannot be to le ra ted .  Con- 
v e r s e l y ,  these  temperature- induced s t r e s s e s  m a y  be used  
de l ibera te ly  to change component values for  a des i r ab le  c i r cu i t  
c h a r a c t e r i s t i c .  The s t r e s s  dis t r ibut ion in an  encapsulated 
module can only be roughly anticipated f r o m  m e a s u r e m e n t s  
m a d e  with sample  m a t e r i a l s .  

Thorn ,  R .  P. 
BUILT-IN DAMPING CONTROLLING VIBRATION WITH 
INTEGRALLY DAMPED SHEET LAMINATES, Machine Design, 
Vol. 37, No. 27, 25 November 1965, pp. 174-179. 

In determining the motion of a s t r u c t u r e  in  r e sponse  to 
vibrat ion,  t h ree  p rope r t i e s  of the s t r u c t u r e  ( m a s s ,  s t i f fness ,  
and damping) a r e  important .  Normally,  t he re  a r e  t h r e e  
approaches  which m a y  be taken in designing s y s t e m s  to control  
r e sonan t  response :  
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1)  Detune the sys t em.  
2)  Ruggedize the sys t em 
3 )  Damp the s y s t e m .  

P rac t i c ing  damping t r ea tmen t s  general ly  fall into two s e p a r a t e  
c l a s s e s  o r  types;  unconstrained o r  cons t ra ined- layer  damping. 
Two-ply lamina tes  cons is t  of a base  m e m b e r  used  only f o r  
s t r u c t u r a l  cha rac t e r i s t i c s ,  and a damping l aye r  used  only f o r  
damping. This  is called an  unconstrained,  additive,  o r  f r e e  
damping t rea tment .  The second type of damping t r ea tmen t  i s  
in tegra l  or constrained-layer damping. 
construct ion allows a m o r e  efficient u se  of the dampingmate -  
rial and provides a composi te  s t r u c t u r a l  in tegr i ty ' tha t  is not 
possible  using the unconstrained approach.  

This  method of 

81. Thorn ,  R .  P. 
BUILT -IN DAMPING CONTROLLING VIBRATION AND 
INTEGRALLY DAMPED SHEET LAMINATES, Machine Design, 
Vol. 37, No. 28, 9 December 1965, pp. 166-171. 

Loss  fac tor ,  cha rac t e r i s t i c  mode  value,  and f requency  
p a r a m e t e r  of any damped lamina te  a r e  c losely in t e r r e l a t ed .  
One fac tor  not ye t  cons idered  in  the mode number ,  
desc r ibes  two things: the mode shape  o r  the m a n n e r  in  which 
the beam o r  plate i s  vibrat ing,  and fixity o r  how the beam or  
plate is fixed o r  held. Mode shape  is de te rmined  by the type 
of s t r u c t u r e ,  how it is held,  and which mode  is being excited.  
Both beams and plates  exhibit a va r i e ty  of pa t te rns  o r  envelopes 
of vibration. These  r e p r e s e n t  the na tu ra l  f requencies  of the 
s t r u c t u r a l  m e m b e r .  
s tep-by-s tep  procedure  for  designing s t r u c t u r a l  e lements  of 
damped lamina tes ,  because  the known and unknown quantit ies 
va ry  f r o m  one problem to another .  However,  a typical  o r d e r  
of determinat ion is a s  follows: 

, which 

I t  is not poss ib le  to  s t a t e  a ha rd -and- fa s t  

1 )  Controll ing dimension.  
2 )  Vibration mode  number .  
3 )  Charac te r i s t i c  mode value.  
4) Frequency  p a r a m e t e r .  
5)  Composi te  loss fac tor .  
6)  
7 )  Resonant  f requency.  

R e s onant tr a n s m i  s s ibil i  ty . 

a 



82. Uphouse, S. C.  
SELF-CONTAINED ELEC TR ONICS FOR NAVIGATIONAL 
INSTRUMENTS, Elec t ronic  Components Conference,  1966, 
Washington, D. C . ,  pp. 269-280.  

This  paper  d i scusses  the interfacing of a minia ture  s e n s o r  
e lement  and self  -keying packaging concepts used  for  integrat ing 
the  e l ec t r i ca l  and mechanical  e lements  into a t ru ly  symbiot ic  
package. 
to  the mul t ic i rcu i t  devices  used on the hybrid thin-film c i r c u i t  
modules .  
efficiently package the rigid subs t r a t e s  into a cyl indrical  
volume, a s tacked a s sembly  was used .  In conjunction with the 
package design, it  was necessa ry  to devise  and incorpora te  
into the a s sembly  sequence an intermodule wiring scheme .  

Unique c i rcu i t  concepts a re  d i scussed  and re la ted  

To  provide for module leve l  repa i rab i l i ty  and 

83. U. S. Naval Ordnance Laboratory,  White Oak, Maryland 
PROPERTIES O F  COMMERCIALLY AVAILABLE ENCAPSULAT- 
ING COMPOUNDS by V.  Steele  and H. E. Mathews, 5 December  
1960, NAVWEPS Repor t  No. 7253, AD 251911 (Unclassified 
Repor t ) .  

Twenty -nine commerc ia l ly  avai lable  encapsulating 
compounds w e r e  surveyed  for application in naval  ordnance.  
Recommended m a t e r i a l s  include five epoxy r e s ins ,  t h ree  
polyurethane foams,  and two e l a s tomers .  Unfilled epoxy r e s i n s  
a r e  general ly  unsuitable for encapsulation of ordnance exposed 
t o  l a r g e  t e m p e r a t u r e  differentials.  
compounds have l imitat ions,  select ion of a m a t e r i a l  depends 
upon those  c r i t e r i a  determined as m o s t  impor tan t  for  adequate 
pe r fo rmance  of the component to  be  encapsulated.  The advan- 
tages  and l imitat ions of var ious m a t e r i a l s ,  recommended c u r e  
cycles ,  and c o m m e r c i a l  suppl iers  a r e  included to a s s i s t  the 
engineer  i n  the select ion and u s e  of these  encapsulating 
compounds.  

Since all encapsulating 

84. Vondracek, C.  H. 
INORGANIC POTTING COMPOUNDS FOR HIGH TEMPER-  
ATURES, Mate r i a l s  in Design Engineer ing,  Vol. 60, No. 7 ,  
December  1964, pp. 100-103. 

Many new inorganic  potting m a t e r i a l s  have been developed 
f o r  e l ec t r i ca l  components operating at t empera tu res  of 500 "C 
and above. However,  these m a t e r i a l s  a r e  not a cu re -a l l  for  
high t empera tu re  use ,  and their  p rocess ing  cha rac t e r i s t i c s  
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such  a s  fluidity, pot life', l inear  shr inkage,  and water  absorp t ion  
and s t rength ,  and weight p rope r t i e s  a l s o  have to  be evaluated 
carefu l ly .  
compounds and the i r  bas ic  compositions i s  given. 

A l i s t  of many of the impor tan t  inorganic  potting 

85. Wells,  F. 
CRIMPED CONNECTIONS, Machine Design, Vol. 36, No. 12, 
21 May 1964, pp. 196-201. 

Cr imped connections provide a uniform,  gas  -tight, m e t a l -  
to -meta l  bond for  s t randed  o r  sol id  wi re  without requi r ing  
application of hea t  o r  u se  of an  in t e rmed ia ry  m a t e r i a l .  
m e t a l s  a r e  subjec t  to c r e e p  o r  cold flow, c r imping  p r e s s u r e  
m u s t  be applied to take advantage of the w i r e ' s  tendency to  
expand a f t e r  vo lumetr ic  confinement,  thus forming a tight 
mechanica l  connection. Cr imped connections a r e  purposely 
designed to approach,  but not to exceed, tens i le  s t r eng th  of 
the wire .  
vibrat ion and shock by d i spe r s ing  s t r e s s  concentrat ions through 
u s e  of a gradual  t rans i t ion  f r o m  b a r r e l  end to wire .  
have ex t remely  low e l ec t r i ca l  r e s i s t a n c e  because  of t r u e  m e t a l -  
to -meta l  connection. 
provides additional heat-diss ipat ion capacity,  t e m p e r a t u r e  and 
r e s i s t a n c e  a r e  lower than those of the wi re .  
governs co r ros ion  r e s i s t ance .  
ments  f o r  making a c r imped joint can  be m e t  by a m a t e r i a l ,  
t e rmina l s  can be made  f rom it. 
wi re  m u s t  be gea red  to e l ec t r i ca l  and m a t e r i a l  p rope r t i e s .  

Because  

Cr imped connections a r e  designed to  withstand 

C r i m p s  

Because  the m e t a l  m a s s  of the t e r m i n a l  

T e r m i n a l m a t e r i a l  
As long a s  mechanica l  r e q u i r e -  

Specifications fo r  t e r m i n a l s  and 

86. Zglenicki, C. 
FOR A COOL WELD, TRY ULTRASONIC WELDING, Product  
Engineering, Vol. 36, No. 4, 15 F e b r u a r y  1965, pp. 87-91. 

Ultrasonic  welding is compared  to  fusion, e lec t ron  beam,  
r e s i s t ance ,  and cold p r e s s u r e  welding. In many c a s e s ,  
ul t rasonic  welding works where  another  welding method m a y  
not. Suggestions a r e  given fo r  cons idera t ion  when designing 
for u l t rasonic  welding. 
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plated-through holes  a r e  usual ly  re inforced  by fi l l ing,  redundancy, e t c .  No 
g r e a t  var ia t ions i n  potting methods w e r e  noted except f o r  radio frequency 
modules .  However,  p roblems of nonuniform densi ty  w e r e  indicated.  

It i s  apparent  tha t  no one approach is  a panacea fo r  a l l  packaging r e q u i r e -  
m e n t s .  
f a c t u r e r ' s  capabi l i t ies)  and the mos t  appropr ia te  technique se lec ted .  

Each  piece of equipment m u s t  be analyzed (along with the manu-  
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HEADQUARTERS 
U. S. ARMY MISSILE COMMAND 

Redstone Arsenal, Alabama 35809 

I n  Reply 
Refer To AMSMI-RAP 7 March 1967 

SUBJECT: Errata f o r  RSIC-614, T i t l e :  Indus t r ia l  Survey of Electronic  
Pac kag ing 

TO : Recipients of Subject Report 

It i s  requested tha t  t he  following changes be made i n  your copy 
of the subject  repor t .  

1) A l l  f igures  c i t ed  under a spec i f i c  company were provided by 
courtesy of t ha t  company. 

2) Page iii and page 42, Motorola should be l i s t e d  as Motorola, 
Inc. ,  Aerospace Center, Scot tsdale ,  Arizona. 

3) Page iii and page 55,  Philco should be l i s t e d  as Philco-Ford 
Corporation, Space Re-Entry Systems Division. 

4) Page 13,  fourth paragraph, second l i n e ,  ZYCON, t rade name f o r  
a Chemtronic spray. 

5) Page 14, paragraph 2 ,  last l i n e ,  "Uniform center  coating" 
should read "uniform solder  coating . I' 

6) Page 55, fourth paragraph, second l i n e  should read ' I . . .  as the 
Apollo Lunar Surface Program (ALSEP), subsystems f o r  Mariner/Mars 69 and 
Pioneer C & D . . .I1 

7) Page 56, f i r s t  paragraph, t en th  l i n e ,  "solid aluminum" 
should be "solid magnesium. 'I 

8) Page 62, second paragraph should read, "The pr in ted-c i rcu i t  
boards thus completed are compressed i n t o  a s tack  between radial-ribbed 
aluminum end p la tes  and held with a center-through bo l t  o r  by the  s ides  
of t he  housing. 
housing on rubber v ibra t ion  i so l a to r s  which provide a "floating" 
arrangement f o r  the stack." 

A t h i rd  approach is  t o  suspend the s t ack  within a metal 

9) Page 62, fourth paragraph, f i f t h  l i n e ,  "SATURN Block 2" 
should read "APOLLO, Block 2", seventh l i n e ,  "APOLLO Block 2" should 
read "APOLLO Block 1." 



10) Page 66,  f i r s t  paragraph, l a s t  seven l ines  starting with 
"Twenty of these . . . , ' I  should be deleted. (Note: Prototype work i s  
an exploratory laboratory study and the rat ios  mentioned have not been 
ver i f ied  i n  f i n a l  system application.) 

11) Paze 14, f i r s t  paragraph, s ix th  l i n e ,  II glass-elastometic" 

cleletc, "glass.  '*' 

"JOHN E .  TERRY 
Acting Chief, Research Branch 
Redstone Sc ient i f i c  Information Center 
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